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Third Report on the 
Improvement of Indigo in Bihar 


I. INTRODUCTION. 

\\niKN 111*' lndi,Lto Rosearch Station at Siriiiali was closoil on March 
M dlst 1913. iuvesti, nations on the anrieultural and botanical 
asiiocts of this industry were taken in hand by the Botanical Section of 
the Anriciiltural Research Lnstitiite at Busa. Two reports on the results 
obtained have been jtiiblished. In these jiapers^ reference was made to 
the importance of soil-aeration and drainayo in the cultivation of 
indiyo and also to the ])art played by the root-nodules in the yeneval 
ocniioiny of the plant. ^Vhile it is true that the views })Ut forward have 
excited a yreat deal of interest and have been accepted bv many, 
nevertheless it has become ap})arcnt that a lew of the indiyo planters in 
Bihar have not altoyether yra,s])e{l the full siynificanee of the ideas lun- 
niity throuyli those two reports. This applies in jiarticidar to the wilt 
of .lava indiyo and to its somewhat erratic occurrence in Xorth Bihar, 
(.hir invest iyal ions clearly point to the eonclusiou that wilt is a starva- 
tion effect due to interference with ( he work of the roots and root-inxlules 
and ha.s arisen as a result of the continuous selection of late ivjie.s 
in the Java mi.xture due to the methods in voyue in raisiny 
•seed. The Riisa iuvesliyations also indicate that the natural indiyo 
problem is laryoly a matter of soil-aeration and that the root-nodules 
play a very important part in the .synthesis of imhenn. 

The o[)])()rtunity offered by the publication of this report has been 
takem to re-state, as clearlv as lies in our power, the principles on whieli 
the cultivation of a leyununous ])lant like indiyo depends and tin' condi- 
tions under which wilt is likelv to occur. At the same time, the work 
in proyress and in contemplation have been dealt with while in the 
chapter on the improvement of indiyo the (Question of selection has been 
discussed iu detail. It is hoped that tlie position of the natural indiyo 
industry as a whole Avill now be clearly understood ; tliat the various 
lines of investiyation will fall into their pro|)er ])erspcctive : thal the 
difilculties still to be overcome will be realized and that all concerned — 
{ilauters. merchants. Government and investiyatovs — will unite their 

^ Tlu'so Toports weft.* issiicU as nnllelinK ,“1 &: ,“1 of tin*. .Vgrivultiual lU'SEMrih 
hist It uU', I'usii. 
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foiccs so as to ]>laco tlio inrlnstry oji a firm aTul prosperous foundatioir. 
\Vliil(‘ ;u(‘ (■onviiiC(‘fl tliat tins is possible, we aje equally certain 
that MO Iasi iiiu uood eati possilhe be aceomplislied till tlie working cojidi- 
tions of the iiidipo plant (the iiatinal factory) are ])]aced on a footing- 
comparable with those ^^'hiell exist in tlie works in wliicli synthetic 
indiuo is prepared. J^o far, the ])lant has lo.st in the stru.i:yle, with artificial 
indiyo because oiu* of llie (‘ssential raw materials — air- needed in the 
natural .syiitinesis of Itidicax has been a liiiiitiny factor. The removal 
ol this lindlinLi factor is the first comlitioiL of ])ropress in tlie I'e.suscita- 
tion of the natural jndiuo iiidustre in Hihar, 

!I. THE PRINCIPLES UNDERLYING THE PRODUCTION 
OF NATURAL INDIGO. 

1. The Factors. 

'/7/c si>cncs (iilhralcd. The two species of indipit cultivated in Kiliar, 
kiiouti as .la\:( and Siimatfaiia itidipo. are li'uumiiioiis plants on the 
j'oolsof wliieli tiodides occur. Simiatiauu is a eoinparativclv slialh)w- 
](Kt(('d atiiiiial while -lava indipo is deeji-rooted and behaves, in localities 
wlu'i'e tin* soil eondjtioiis aie fa\()uj'able. as a peiejinial. Tin? raiiye iji 
time of iiiatiirity of the type.s cmistitutiny the Java crop is very 
yi'eal — .some are early, other.s are very h\v and all intei Jnecliate stapes 
occur. It is probable tln’ielor<' that tin* root-i'aiipe of .Java indipo is 
not uiiiloriii. The early types are likely to be ('ompaiativeJy sliailow- 
i(Kjt('(l while the late types have much deeper roots. 

Soils, Tin* s(hl of ISorth Hihar in which indipo is prowji beJojips to 
1 lie ()lih*i; alliiviuiii of tlie (hinm'tir plain, its main characteristics 
from tlie jtuint of view of tin* plant are its de])th, the luiiforjuity of 
its fine particles, its water-lioidinp capacity diiiinp the hot weather, 
tlie conij'arative neanie.ss to the surface of the .sub-soil water and the 
low I'ontent id o.wpen in the deeper hiyc'rs as showji Ipv the analysis of 
ell-waters. Tlie iiidipo soils easily nni topother oji tlie surface after 
lain torminp a well-defined ciu.st known to tlie cultivator as tlie 
The formation of this cru.st is exccedinply harmful to crops, inclndJnp 
iinlipO; as it interferes witli the aeration of llic soil. 

The Bihar alluvium is not uniform. The iiiph lyinp lauds on which 
indipo is prown are penerally lipliter and opener in texture than the 
low-jyinp rici* aivas. The .soil of tlu' hipli lands themselves, jiarticiilarly 
near rivers, is often made u]) of alternate strata, loamy and sandy in 
eliaracter. Tliese facts are of imjiortance when considerinp bpiestioiis 
conneeted with ,soil-aeiatioii ami the root-development of indipo, 
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CliittaU’. Tlu' cliniato dl tliis jvgiou well known. Thoro is a well- 
iiiarktMl nulcl soason. in which tlio avina^n rainfall is conij)aiatlvoi\' small, 
lollowcd hy tlu* hot weather in March, Apiil and May ilnriina \vlii<-li ilry 
west winds are coinnion leading to a gieat loss of sub-soil jnoi.stuie and 
a conesiiouding ainonnt of soil-aeration. In the monsoon jihase, wliicli 
lasts from <Iune to early October, there is heavy rain (the anuaint and 
distrihutioti of uliieli \'anes greatly) sotnelinn.'s acecimpanied Itv Jlood.s 
which kill out large areas of indigo. Wilt occurs during tin* nionsiion, 
generally after the lirst cut is taken, in June and July. 

These are the main factors which must be borne in mind wheii 
eniisidering how the cultivation of indigo can be improved. Tlio 
details with regard to the ordinary cultivation of Java and Suinalraiia 
indig(» are so well known that a knowledge of these proces.ses on the 
[lart of the reader is assumed. 


2. The two nitrogen cycles in Indigo. 

liidigo IS grown for the sake of the iinliam. in tlie leave.s. This is 
ii (-(nnplev nil logeiious suhslance which yields indigo when the cut 
plant is steejied in water, hul'icnn is maiiufactiired hv the jilant from 
siiM[)h’ substances. As it contains nitrogen, tlie suuices fruin wbieh 
the ])Iaut obtains this element are important. 

'riu'ie are two nitrogen cycdes in leguminous plaiUs like ituliyo or, 
in other words, two sources Ironi wliich this (‘ssential raw material can 
he obtained. The usual .source is the atmospheric nitrogen li-ved liv 
the root-nodules. In addition, leguminous [Jants can use Icir growth. 
]iartly or entirely, the nitrati's wliieli occur in the soil. On veiy poor 
land, leguminous [Jants make use of the nodules oiiiv. On very ]'ich 
laud, they often utilize the soil nitrates mvelusivelv. On laiul inter- 
mediate infertility, both soim’es may be employed simultaneously. 

Rool- nodules. The nodules are rounded swellings on the roots of indigo 
which are formed soon after the seedling stage. They vary in sizi* but 
ale generally larger than a Sumatrana .seed and can ))est he seen wlieii a 
young indigo jilant is taken up with a Imll of earth and the soil carelully 
washed away with a watei ing can, .Many of the nodules then leina-iu 
attached to the root.s as rounded. [Jiikisli swellings. The nodules arise 
as a result of the invasion of the voung roots (liy way of the I'oot liairs) 
hv a certain soil organism [B. mdictcola). tlie [uesence of whicli 
stimulates local root growth to such an e.Ntmit that a swelling is 
formed. The invading organi.sms rajJdlv increase in numbers inside 
tlie nodule from which they derive, among other things, large ipiantities 
of carbohydrate food. This is manul'actuied by the leaves. The general 
opimou is that the urguuisms and tlie leguminous plant live together 
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ill luiiliKM'sliijj to tJio advaiitaLK' ol both. Tlie plant ieodf? the orniuiiBJiis 
wliih’ llii'y. in rctiii ‘11 tor food and lodLiiiiy, as^'illlihlte jtitroiieii na.s and 
Indld it uj> into <;(jnijih*x sultstaneos wliidi llie plant can ii.sc in tlic 
forination of th(> pi'fjteid.s iKnv.ssarv both loi- ordinary ;_n'o\vt}i and for 
the lorfiuttioii of ilou'ers and ■secd.'^. The lii’cateist develupinent of 
nudiile.s occnis just a.s tlie plant ))e,Liinr; t(j ilower. 1 )nrin<i' this |)cri(i(h 
many of the intduh'.s lo.si' (Innr .snlistance and beconie little more 
than einptv sIk'IIs. It is coitinioiilv b(“lieved that the contents of the 
jiodules ar(‘ at tliis staye absorbed bv tiie pla at and are used up for 
the pr(‘ pa ra t nm ot tin' laiye ipia lit it jc.s of jjroteid re<piired to form 
llouer.s and ripen se(‘<l. Tin* s(‘eds ol the fjyiuiintasat’ ai'e always ricli 
in ]arttei(l.s ( 1 to t) pm- cent, of tJie dry weiylit is iiitroyeii) ajid indiyo 
i.s no except ion to tin' ru!(‘. in ailditio]) to Avater and carbohydrate 
loud, tin* iiodnle oiyanisnis [ei[uire owyeii wliieh is also ]n’ovided by 
the plant. This (s one n( the reasons \\li\- yodd soil-aeration is so 
necessary lor leyinninoiis plants like indiyo, Tlie active portions ot 
the ro(tt, iiieliidiny the nodules and their oi'yanisms. breathe like 
animals ilo and s(» use up ow yen and prodtn-e i-arbon dio.vjde. The 
nodules a l.so re( j nin- 1 1 e(' nil lorn'ti yas a tid an- of no use to tlie (ihint 
when they are immersed in \Aater.~ Xitroyen yas must tlierefore 
enter the nodules themselves if il is to umleryo ti.vatioji. This can only 
happen in a ell-aerated soil as t lie yieat source ot nitrnyen is tlie 
at tnosphere. 

77n' iil/niJc cijclc, Xodules altlmnyh common on the loots of leyii- 
initions plants are not essential for their yrowth. Tliose plants are 
aide to yi'ow witlnmt the iiodiile and also to dowel' and form seeds. 
They are aide to use nitrates dissolved in the soil water a.s their source 
ot nitroyen. d’he plant can use both cycles at the same time and 
dei'ive jiart of its luti'oyen from the soil ill the oi'dinary way and part 
from the nodules. Xodules aie larst de\(‘lo]ied in poor, ujien soils which 
are well-aerated. In well-man ined soils ricli in nitrates. leyiiminouK 
plants tend to form few nodules luid, if flu* .soil is rich eiiouyh. none at 
all. It is possible therefore in the* case (d. indiyo to raise crops on verv 
rich land whiidi niaki' no use of the nodule nitroyen cvcle but which 
obtain all tiicir nitroytm as Jiitrate from the soil. 

These are the main facts relatiny to tin* nit joyen cycles of a h-yiiminous 
jdant like indiyo. For' the sake of cleaiaicss. tlie essential ]:oijits arc 
recajiilLdated as follows : — 

(1) Leyumin.oiis jdants like indiyo can obtain their nitroyen in 
two ways- — fjdni the idot-iiodules oj' Iroin the nitrates 

■* l-'riink. Jh./\ if. Unf. O'fs.. ]S!)2. p, ^71. 

‘ itml ililljuT, 'yi. 


1S!>0. 
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ill lioth these methods are otteu employed by 

the ])lant siimiltaneousiy. 

(*2) The iiodiilf's make use ol nitrogen iii the ,aaseous eoiulitioii 
and build tliis up into substances which the plant uses for 
urowth and for hower and seed foiiimtion. 

(3) 'I'he nodules can only do tlieir work ]>i'operly in well-aeiated 

soils as thev neial liotli nitru^een and ox\\aen as iias. 

(4) Nodules are oidv abundant wlien leguminous plants are mown 

ill poor, well-aerated soil. In rich soil, siieli as land full 
of ifccili or saltpetre, they ari' only sjiar.sely diwx'loped 
and. if the soil is rich enoupli. may not bi‘ formed at all. 

3. The production of colour. 

The general lelalion between the nitroLien cycle and tJie prodin tioii 
of (udicon must now be eonsideied. in this connection, the lollowinp 
facts liavo to be taken into account ; — 

(1) The cotUracddii of /he arai lutdi'i' nnlujo on the (lnn<je/H' 

alluriuhi. hoiinei Iw then' was a eonsnhnable area iimler 
indiuo in Imwer llenual and tin' I luti’d Provinces in 
addition to North Hihar. Witii the nradiial decline in 
the iiulustrv, the area under iiidiyo in the traet.s outside 
Hihar iaj)idlv diminished and the iiuliistry onlv maintained 
itself to aiiv extent in North ibliar cliii'lly on certain estate.s 
whicii suit the crop. The contraction of the area in North 
Hihar itself is siyniiicant — tlie cultivation lias been 
abandoned on the lieavy. badly-aerated soils of tlm 
submontane tract and on estates subject to imnulalion 
and where the .soil is heavy and siii'faco drainage is jioor. 
On siK'h lands, disused iiidiiio factories are unfortunately 
common. Indiuu in Bihar has usnallv survived only on 
well-draiiH'd. liiuh-lyitei factories where the aeration of 
the soil is above the aveiaiie. 

(2) The sifiut/loti of (he e.^-la/es irhieh //rod>m: (he best cnJoiir. 

The reputation of the various Hihar estates for colour 
is well known in the trade and also anions the jilanters 
themselves. Other tliinus bein;j^ e<]u:d, the best marks 
come fi'om lii^li-lyinu. well-drained areas and the woust 
cakes are made from indigo ^rowinw on heavy, badly- 
aerated lands. There is a well marked connection 
between the class of .soil and the icputatiou of the estate 
for colour. 
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( a ) (lre-<,s(nij!i of sedh ,'<lihuihifc (he iridifjo phuif hiif ih not 

uK fi’osc (he, rjtrld of iiidiano The cui meet ion between 
tlu* yield of yreeii [ilrint iiiid heavy dressiiifis of seefh are 
well known. Thirj inaniiie produee^ abundant yrowth 
but the yi(‘ld of iiidiyo pivim by every Idd inaunds of ureen 
plant is not so iii.^h as in the ease of the produce of poor 
land. Speaking ,L:enerally. :///a indiyo. yrown on tJie com- 
])ai'ativelv poor lands ot the ryots, yives a better yield of 
d\e than .:e/'ot iiidiyo I'roni lands which are niamired with 
seet/o Scvth is a inaiiurc jicli in combined niti'OLjen. 

(I) ilif cnloiii' ju'od Herd iti. lltc luxhflc iulrofjrii njcle /s sii pei ivr (o 
llotl of (froirn ut licavij rtch soil (icornuj fetr noduh's. 

This lias been oliseived several times at Piisa, If Icallcts 
InkeiL li'oiii plants witli abundant nodules and also from 
ihfliyn yiowiny in beavy. rich sitil with few nodules are 
madi' to deposit their indiyo in the leajlets themselves, 
yi’eat di neictH'es are appaient. Tln^ plants in tire nodule 
evde viehl alfiiinlafit Iniyht Itliu' iudiyo. those in the 
nil rate nitfoyini eyeh' yi('li| a very dark prodiiet abiKtst 
black iiiider the nnerosrdpe. The ditlerenees eoMf'spoml 
elo.selv with the ap[)(‘ai'aiiee of yood aiul inferior iiidiyo 
ca kes. 

Tin' ai)ove facts idi lali into line on the assumption that the produc- 
tion ol. yood eulour ilepr'iids on the actlvitv of the nodule nitroyeii evcle 
and tak<’S place to (he yreatr'st (‘.\t<nit on tin' hiyh-lviny lamis where 
soil-aeration is suitable for this process. Where the nitrate, cycle pri'- 
dominatcs, as on low-lyiny dani]> tiacts where tlu' soil is rich and where 
nodules are not i'ouiunt in abutniajiee, iiidiyo yeneraliy yields lieavy 
crojis of leaf with a low perceiitayc' of indican and cakes of pour 
'[luiliry. 

Tire indic<iu in tJio [ilunt apjumis to represent the dilference between 
the total nitroyen assimilated and that used for yrowth and may be 
reyarded as a reserv(‘ wliieli can be made use of nnder certain conditions. 
Tfius Itawson found in Ihhai tliat jncniatnre (lov, er and seed formation 
was associated with a distinct falliny oil in indican. a result whicli 
snppffrt.s the idea tliat this sidtstance can function as a reserve material. 
Hevytheii in the i^irsiali Tleport for ItatiS-UO (]>. 1b) refers to this matter 
in the folloAviny words; "The indicun content of the leaf of those 
indiyo yieldiny jiiaiits which have lieeii studied [f. <tinr(a and Sama- 
(cana) is known to drop as soon as the seed sets and to decrease gradually 
as tile seed forms, so that it seem.s probalde that it i.s drawn U])on to assist 
ill tire pioce.^s of seed foLiiiation,” lu the Sirsiah Report for 1U07-08 
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(p. 1')). ]>iTrlifiilar attention is drawn to tlie fact that ” plant ixrown 
under niinimimi nioisture conditions lias in\avialily a idyll coloiif 
content." ruder such circninstaiici's. tliei'c is nolldiiy lo iiitcirere willi 
the aeration of the nodules and lln‘ rapid production of itnlictni yoe3 
forward undisturbed. The ])livsioloyv of tiuliani and of the otinu' 
Lilucosides met willi in leyundnous jdants is still ohiscure and much also 
I'eiiiains to Im' done in worldny out in detail thenirroyen assimilation in 
this order. However, the connection hetween itulicdn production and t he 
nodule evcle in the case of indiyu is supported hy all the faets and 
e.xperience availahh* at the ]iioment. It also deiives considiU'ahle 
conliniiation from the conditions Jiece.ssavy foi' yrowtli in the case 
of yram Muid t he yeoyraplucal distrihiition of this croj) in India. 

4. The manuring of indigo. 

As the production of utilkun jil the plaid is liouiid up wilii llie elli- 
( icMcv of the iHulule iiiU'oyi'ii c\’cl('. tin' ([iicslion arises fan w<' iiicrcasi' 
uidinui production bv any form of inanuiiny f This is one of the siil>- 
ji'cts (o which yreat attention has alreadv been paid in Bihar ami the 
ohler rejiorts abound in accounts of niaiiiirial ex])ei iiueiits. Tlie oiilv 
ilelinite fact which emeryes fi'oni these trials is that nitioyenous manures 
like sedh sfiimilate the yrowtli of the plant but do not inerease the tidal 
ajiiount of indiyo piu’ acre. Tlic results obtained uith the various arii- 
tkhd niamii'es. on tin' other ha ml. are exceediiiyly emit radicloiy and by a 
judicious seli'ction of tlie e\ idence it would be possible to jirove anytliiny 
from the jaiblished I’yures dealiny with these e.\ peri me ids. All this is 
at oiu'c explicable if <liie weiyht is [laid lo the exislimce of two iiilroyen 
cycles ill indiyo and to the fact that unless the experimental plots are 
perfectly yraded and surface-drained, local watei'-loyginy (by inti'rfer- 
iny with the work of the nodules) would be sure to upset any paper scheme 
of maiiuriul exporiinonts however well desiyned. 

It hs a curious circumstance that ]io attention lias Intlieito been paid 
to the ludy manures likely to lie of u.se in indiyo cultivation in Bihar 
namely, aerating agents like potsherds (//o'/vy/). brick refuse [smhh't and 
fords] and charcoal {hnJd). Of the previous investigators. Kaw.sou 
came nearest to tlie iliscovery of the eonueetion l.ietween soil-aeration 
ami th(‘ production of colour. In Lis Refidfl on the rifllirtiflon and mdiin- 
idriiire (if /im/u/o. 2ud Edition. 1007, ]>. 7. in liealiny witli Biluiv soils he 
states ;■ - 

" (^aiiijile Xo, Id is described as an old saltpeiri', soil, and one would 
thoiefore eAjiect it to contain a liigli percentage of nitroyen. but on the 
contrary it ]>i'oved, on analy.sis, to contain a very small amount of tliat 

^ Jit 1 /( 0 (Vi' uj' Hit Jhiil. of A(jr, in ijtdia {Bvluiucul /i't/'(ti), voL VII, uu. 0, 19lo» 
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elenieiit, ludij'o piaul (fren* upon llii!-? .soil exceediti^dy weil, and the 
oolour obtained Iroiii it was of lii^di (jiialify. Tlie cliief feature alxiiit 
tin' soil, as revealed by analysis, was its lii^li percentaffo of a vail aide as 
Well as hitftf pliosplioiie acid. ' 

Till' .sdtjK'fre soils an^ well aerated soils and pnierally eontaiii 
or fnyas in abundaiiee. In sueli land, indiyo ^nows reniarkablv well 
and the (‘olour in tlie leaf is abundanf and of irood (juality. It mijjtht, 
tlieretore. be loiind to ])av to add peiinanent aerating aeeuts to the laud. 
Iv\])(‘riiiients in this direction are alo'ady in proyn-ess at Pusa and on the 
Dlioli estate and so far the results are promising. It reniains lo be dis- 
covere<l liowawnu' \\liat is the most economic' amount of tlie.se di'css in 
tc) apply ami also the bc'st state of division tr> which the.se materials 
should ' r.'^t Ix' r<‘(lu('<‘d. ddic' rc'siilts alreadv obtained on. some of the 
Jhisa plots .s('(‘m to indicate that these a'ratin<i agents sliould be applied 
in cotiijuiralisely small fraynumts. The economic aspect of such manur- 
ing call oi ('ourse only bc' discoverc'd on iai'p' scah' plots. 'I'wo otlier 
aspects of this manuring are likelv to he im])ortant. In the 5'rst place, 
the door will be* opeiK'd to I he stmK of intensive indigo cultivation and 
the production of larj^e <|Uautities of iudiyo from small arcus. In the 
.second ])lacc. aeration is iikc'b- to tend to ]H'oduce imliyo of uniform 
dvein^ jjower and tlierefore to help iu the staiidaidization of tlie natural 
])roduet. 

III. INDIGO WILT. 

lmli;io like several othei' leiiUinimuis ci'nps is apt to he a fleeted liy w ilf. 
Tlie deep-rooted -lava s]iecic's is imieli more liable than the sliallow-rootcd 
Sumatra na . d'lu' trouble oeeiii.s. as a rule, during the second half of 
the monsoon jiliase usually <ifter the first cut lias been taken. 

T!tv r}t((r<((f(‘ris(t('s of ni(lnj<^ iffh. Tlu' iinlu'althv condition of Java 
indiyo. locally known as wilt, is uniortunatelv so well understood in 
Ibhar that onlv the In iciest desciiption of the aHVcted jilaiits is 
rcM|uirod. The trouble usually begins after tlu' fir.st cut andean hie 
observed fir.st in a. lew plants sealtm'ed throimh the fieJd. In manv 
cases, tliis unhealthy condition spreads rajiidly until the whole area 
becomes affected. Such fields do not recover anil the ei'op gradually 
dies out. 

The extei'iial syni|)toins of wilt are (piite delinite a slowiipi!: down 
of yrowth. folhnved by leaf-fall and a gradual chaipue in the colour of 
the remaining foliaye from the ordinary briulit-yreen to a yellowish- 
yreen slaty colour. .Afterwards, the ])lant dies off iu stiyues. the -jn'occss 
takin<i place slowlv a hrauch at a time. 

All the indications ]*otiil to root trouble whicli fmtlier eNiuniiiatiou 
coiitirms. The main roots of the wilted plants aie healthy but there 
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is a iii'eat lack of feediii.ii roots and pi'actically no nodulos. Tho willod 
]iliints ate in reality starvinLi' in the midst of jilenty on account of the 
hn-t that they can no longer assimilate atmosjdioric nitrogen and absorb 
water and other minerals from the soil The main indijm roots, althoimh 
uninjured, are unable, during the monsoon phase, to lenew their root 
svstem and to form new nodules. This want of tlie power of repair 
in h'liiiminous ])hints is well known and has lieiui deserihed ])i‘eviouslv.' 

The occurrence of iciU. Wilt has lieen observed to occur on Java 
ituliiio under the followiiyu' circumstances : — 

(1 ) On the ordinary leaf crop diiritiL:' the monsoon. Tills is the 
indi^uo wilt ai usiiallv observed on indiyo estates aft(*r the 
first ent in June or July. As a rule, it occurs durinu the 
second half ol the matin laeturinu s(‘a.son. Its extiuit 
varie.s _sireatly according to the season. In some years, a 
bnv ])lants here and there may be wilted, in otlier seasons 
it is \vides|)read and niav cut sliort oiohai altoLi'ethor. 

('d) On indiyo sown in June at Ihisa on well-drained land con- 
tainiiiji iiumeroiis potslierds. In 1912. Java indij^o was 
sown in linos 01 plots at the break of the monsoon. 

Practically tlie whole croji died of wilt bv the middle of 
Oefoher. In cm' plot, a few lilank sjiaces remained in 
the lines which were filled n]) by re-sowiipi in the first week 
of Aipaust. by wliieh time the standing eroj) was badlv 
affected hy w ilt. The Anyiisl sown jilants were not affected 
but ,ij:rew well and ,<iave Inuavy cro])s of well-rijiencd seed. 
Here hoaltliv and willed jilants were jumviuji next to 
next with intorloehini:' root-systems. In no case, howcviu'. 
did wilt spread to the late-sowm plants tliereliy 
indicating that, wilt is not a disease in the ordinarv sense, 
(fii) Ou old branches left at the first cut. If a branch is left at 
the first cut to carry on (he Iransjiiratioii current, it is 
observed that the indigo shoots much more (piiekly than 
if cut back to the around. In some seasons, wlien the 
new uTowth i.s well-established near the irround. the old 
branch left, he^ins to show si,uns of wilt which does not 
sjiread to the new iiiTowth. AVe have, in such cases, the 
phenomenon of a plant healthy below and diseased above. 
(1) On indiii'o sowm for seed in Au;L:ust and cut back in the middle 
of October. If youiyif and healthy seed iudiw in a 
vigoron.s condiiion is cut back to the ground level in 


^ tM't'tfer, Phj/yiohgij, vol. l,iaoo, ji. UU, 
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111111-00101)01: wliOTi alioiit a foof lo eiji^htoon inrlios liioili, 
most oi; tlio crop dies but some of the stumps produce a 
fruv wilted slioots. There is no question of dama^^e by 
mill under such condilions and wiltinq’ bore takes place on 
plant in perfect licalth. If su(‘li wilted plants are examined, 
it will ]je found (bat the nodules and feedinji; roots are 
di'ad. The niaiti root is iinal> 1 e to re]>aii.‘ itself and to 
form new nodules. 

Tlif'se are the four circumstances mider which wilt lias so far been 
observed, Thev must be all coiisidcnnl toiictlier wlien tin* question of the 
iiatui'i* of this trouble is discussed. 

The naime nj irilL A careful consideration of all tlie ciicumstanccs 
conMceicd with the observed occurrence of wilt su.uuests that we are not 
dralinq with a di.s('ase in the nidinarv sense but witli a starvation effect 
due to interference with llu* ^^<)]l\ of the nodules and fine roots. In 
llie second lialf of the monsoon, wilt occiiis l»ccausc the soil lias become 
w^iter-locyed and its porosity has lieen ruined to sucb an extent that 
the nodules and fine roots liave been destroyed. Tn the case of the 
pint at Tiisa where all tlie June sowui plants Avere whited wdiile those 
sown in Aie^ii.st were without exception healthy, tlie explanation 
is to he found ill the fact that tlie root systems of ihe latter were 
still shallow and had not. hefore tlie end of the monsoon, reached 
the watcrdoLt'ied suh-soil in which the mots of the dune plants had for 
some time been forced tn exist. The occnnence of wilt on old branehes 
left at the iirst cut is no dnultt diu' to the fact that tlu' bratu'h has been 
starved l)v tlu' new viyoi'ous shoots on the line of communications which 
have absorbed most of the materials coinniL: from the roots. In such 
a ease it would be possible foi' wilt to occur on oiu* part of the 
plant without the ilestnictiou of the nodules. Tlu' wilt which occurs on 
healtliv August sown plants cut back in mid-Oclober probalily 
arises from the direct stai'vation (d tlio nodules. At this .sta.iic. little 
or no I'esc't'ves liav(^ hcim laid down in th(‘ main root and in the base of 
the stem. At the same lime, the iciiio\al of tlie stem and leaves cuts 
short the food supply of tin* nodule and staiwation results. Inmost 
cases, tlic nodules and fine I'oofs (be in a fi-w days and no new shoots 
arc formed. In some instances, the stumps are able to |)rodiicf‘ a Jew- 
weak willed slioots and tin’ plant niav liuLier on durinti' the cold 
weather. In all such ]>lants cxamiiu'd. nearly all the nodules were 
dead and the remainder wore discoloured. 

A consideration of these facts lea vies little doubt tliat wilt is a 
starvation effect, if it were a disea.se. the organism connected witli 
it would have to be isolated and the disease reproduced in inoculation 
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far ha?; not honn nra-oinplisliod. If wilt is a 
disease, an explanation will have to he found of tin' oeeiirrenee of the 
wilted dune sown |)lanis and healthv August sown, jdants iirowini:’ side 
l>v side at Pusa in 1912. 

The dislribution of wilt is sotnetiines exeeedin^uly orratie. On this 
account, some planters have experienced difficulty in umlerstandiny 
that it is a starvation oifect. Indiyo on liylit. lii^uh-lyiny latids may siilh'r 
severelv from wilt w'hile tlu' crop ,i>rowiiiy on lieavy. hadly-drained. 
\vator-lo,u<ied land near may either esca])e aito^ether or may be afleefed 
onlv to a siiylit extent. At tir.st these faets ajjpear to eoniradict 
the view that wilt is a starvation ePfeet often canned by watt‘r-lo?i‘iinp. 
If this is so. it i.s aruued that there shonld be le.ss wilt on I In' lii-h 
laiul.s and jnorc on the badly-d mined, low-lyiny. warer-loy;ie(l fields. 

Such cas('s are easily exjdained if all the iacts of th(' case 'are taken 
inio consideralion. The chief fact to reinenilier is that indiLio 
eati do witliout the nodule cycle and can make use of nitratt* niti'OL:en. 
This is most likcdy to happen on low-lyiny, rich, moist soil somewhat close 
in texture such as I hat which is often cultivated dnriny tlie hot Aveather 
hv the j)eople for their food crops. In such situations, few nndule.s 
formed and indiyn will live with its roots immersed i)i Avater provided 
the siipjdv of oxyuenated water, nitrates and otlier di.ssolved sails is 
ade(|Uate. To all ijitents and {>iirpose.s the indiyo would be yrowjjiu' 
as in Avator culture and no damaye would result liom lonir iiiiniersioii. 
lndi<io iisiny' the nitrate cycle on lieavy land can therefore often live for 
a time Avhen the land is under Avater. The case rif indi<^o nsimr the 
nodule cycle ot\ hi_<ih-lying. li<rht hind is ijuire dKTerent. The Jiodiiles 
(lie comparatively (piiekly when the aii‘-sup[)iy to IIka roofs i.s out off bv 
loiiiT continued rain. The iiitrnti' cych‘ eaiiiiol Ix' ns<‘d as the liirht soils 
arc often jinor in this substance (lininir the rains. Km-tlier. tin' iiidiyo 
])lant under such circnmstanoe.s lia.s lost llie power of repair and cannot 
form ncAV nodules. Tlie result is wilt, Tlie presene(' of a fcAv wilttal 
|)lants iu a lield whicli is not followed bv the spread of the troiihhMs 
explained hy the fact that some IvjH's of riawi plant are niueh (ha'jier- 
rooted than others. The incidence of wilt Avill natmallv depend on I lie 
distiihntiou of llie rool -systtMii, 

d'he (‘xtont of Avilt in any one vear or on any partienlai- estate depimds 
on a Aiiriety of eircum.stances and it i.s not ahvays ]H)ssil)h‘ to correlats' 
the amount of the dama,<:'e done Avith the rainfall. Wilt Avill onlv 
hocome important Avhen the aeration of the. soil is com])lerely de.stroved 
for some time. This naturally dcjiends on other thiipa’s be.sjdes the total 
rainfall. The amount- of air in the soil at tlie he^'innin^' of the jnonsoon 
will vary AA'itlithe previous mousooii. the winter rainfall, the occurrence 
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of west winds and thn amount of tlie liot weatlier rainfall. Generally 
s])enkin^'. a dry liot weather and lony-cnntinued. west winds will be 
lac'lor.s fendiiiu to lesson wilt. A damp hot weather with cast winds 
will Imve the reverse oft'eet. Dm inn- the monsoon, the distribution as 
well as the amount of rainfall is im])ortant. Heavy falls with long 
hreak’.s often destroy the soil-aeration less than a constant suoeeasion 
of sliower.s all of which are absorbed. The rise of the sub-soil water 
level is ajiother factor. The nearer this get.s to the surface the less the 
air in the soil and the (piicker does complete water-logging occur. 

The Sfurad of will in Bihar. ^V]len -lava indigo was first introduced 
into Bihar, it did e.'ccc'edingly well and was noted for its raphl growth 
and g(MH'ral lobiistmcs.s. .\ftor a h'w vears it seemed to slow down in 
growth and wilt l)egan to ap))ear. The cr(i])s ke)U for seed yielded 
le.ss and less and .soon tlie seed-])robl(m) became acute. Between 
IblOand lb I f. lli(‘ anal niidei' -lava indigo in Bibar decreased from 
70 JH)U to about Ib.tiOb ])iglias largt'lv on account of wilt and tlie 
diilicultv of obtaining seed. 

The explanat ion (>f these facts is a mailer of consideraltle interest both 
from tlie jiractical ami scitmtilic .stan(lp>oint,s. The jnincijial cause of 
tlie <leg(m(n'iition of th(‘ ])laiit is undoubtedly to be found in tlie methods 
in vogiK' in Ibliar in growing seed, ll used to lie tlie custom 
to k{*('p th(‘ old leaf crops for seed. a tiiiKC good croji.s of seed 

wei'f; obtained and it was not till some vrars bad (dap.sed that the Java, 
(•rop began io show signs of want of vinonr ami linally began to die 
of wilt. The (lem meralmn was j)i'ogressi\e. 

The explanalioii of the falling olT of viuoiir is a simple one if two 
facts ar(‘ borne in mind. I'ii'stiw .lava indigo is exc(‘ediiiglv mixinl 
and contains i‘arl\'. intei inediati* and late tvpes. The early tvjies arc 
comparat iv(Jv shallow-rooted while the late forms liavo deep roots, 
lietweeu the.se I'xtrenies all gradations occur'. Secondly, indigo does 
nol set seed in Bihar till nft('r (lie middle of Detolnn’ and the flowers 
wliicli open hefore this jieriod otilv give rise Io emjity pods. Thi.s is 
due either to the tlampness of i lu' air atlecting tin* polhm. Io the absence 
of bees or to both these causes. Every planter must have noticed that 
wlieii a Java leaf crop was kept on tor seed that many pods were formed 
in Soptemh<>r and earlv Octolier whieli contained no see<l. The early 
planfs gave little or no seed and the main seed crop wa.s obtained from 
the late-llowei'ing type.s. It requires little imagination to understand 
the cumulative effect of this uncon.seious .seleclion. The early, .shallow- 
root iiig. quick-growing typc.s would slowly become eliminated and 
the late dee|)-i'ooting. slow -grow ing t ypes flowering after mid -October 
would tend to predominate, in the course of a few year.s, the botanical 
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constitnfion of tlin crop would c!inn,Lio. The Javn era]) would hoconic 
iiioiv nud more nindo u]) of slowiM'-^i'owiuu'. dcoji-rntiii'd tv] <‘s. li i.'< 
pisf these doeji-i'iKited foruis which in nn idln\ i;d soil like ilint of Idliar 
would, duriuu the iiionsonii plinse. he apt to 1 m' attacked hv wilt. Shal- 
low rootiiiu. ipiick ,uro\vin,ii' hinds u'ouhl he much h'ss liahhu Tin' mam 
can, -^e of will is und(nil)t<'dly the uiiCdiiscious selectiou i‘Net'ci.'ved l)\ (hf* 
oM uietlmd of uiowiiu^ S('i'd. Then' aii' also two cont tihiit iiiu causes 
to ln‘ iiietitioti(*d--the gradual ris(‘ in tlu' liiuli llmnl levfd and wet si'asoiis. 
These. liu\\(‘v<'r. aie of minor importance eom])aicd with tin' alteialicm 
in till' hotaiiieal constitution of the ciop. 

/,V >»cr/e',s. It will he .seen from the Joii'-oina that no icm(‘(l\- can 
pi.ssihlv h(‘ (h'vised t(^ cure an iudi-o plant aheeted hy wilt. \Vliil(‘ 
cui'e i.s out of tlu' (piestiom piuvr'iitioiiis iu)r a difliciilt malti'V. Two 
thiiuis are iie('e,ssary to achieve tliis ohject whieh uitl t'of onlv ri’diiet' 
will to insiLiniticance Init also increase the yield of indiuo pi'r a<u'e. 

(!) The Java cro|) must he lirouylit liaclc to its mi-ainal condition.' 
Instead of jiiakiny tlu' crop and increauu.u the (h-pth 
of its rmit-svstem l)y eliminatiiiL: all the earlv plaut.s. vo' 
must work in tlu' oppf)sitt' direction atid select for earlitiess. 
vapid uiowth and .shallow rnots. 'I'he ohi method of 
uidwiiUi seed must he -iveii up and a speeial Auuilst .sown 
erop 'jrown inst('a<l. All v. eak. late-||o\vei iny phtnls in 
this cro]) must he cut nut and <lestroved aiiil <'idv 
the each'-flowe! iii'j kinds niu.^t hi' left, '[’he seed erop 
must he voeiii'd tv.ice ever\- veai— mice heime floweriny 
Ix'L'in.s and aeaiii vdien it is well in progress. Kvery 
wt'ak-lookinu. late-iloweiiiiu jdant inusl lu' i in lilessle 
destroyi'd and regarded as a wilt juodiu'ei-. 'I’his ja'ncednri' 
must h{' coni imiousl V applied In (lie pia'seiit <u'o]) in Dlhar 
and also to tlu' seed ohtaineil from Java. .In a- short 
t inie. th(' ei'itj) wdl hi' i)i'oiiyht haek to its old vigour and 
wilt in llihar will Ix'come of small iinpoi tam-e. 

(2) I'Ai'i'c possilile means must he taken to imja'ttve the aeration 
of th(' soil. The ])rotection of the aeration of ilic soil of 
the liiyher indiim areas is a mailer of surface dniinnue. 
If w(' divide up the ar('a hv trenches as has liceu done at 
•Idioli and yet rid of the rmi-ofl at oiiee. I'acli field will 
liav(' to deal with its own rain only and will mU he snhjected 
to surface draiuayi' water. Such a s\s((‘m is hound (o 
])rorcct (he plant ami ’t'o as.sist it in resistiny wilt. The 
imjtrovcnieuj of the yeneral dralnayo (d‘ Ilihar as a wlnoh' 
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iiiul flio ]ir('V(Mitioi! of Hoods will fict in tin.' same 
direct Kni. 

1 lie niciN' intiitduction ol' new seed tVoin .lava is of no value as a 
remedy icn' will. Tli(‘ (-lop raised lioiii tliis si'cd is aH't*<‘ted in a similar 
manner to that jundma'd (r<tm Ineal Ifilnir seed. Tlio cullivation o[ 
indiLOj ill Java lia^ fallen eonsldm'adU in recent vears. According to the 
account of this crop yi\(“ii in van tloi'kom s Ooxf-I (*iil(>irrs (vol. 

]i. is. tIk' production nf indigo fell from M.()T7 mannds in IHild 
to lj‘d;l maiinds in IHld. 'riiis is conlirnua! by the e\])erience of the 
llonlile Mr. Keatinye. Diriatoi' of Ayricnlturi' of Ifoinbav who 

visited .lava in ItiKf and wlio lias kiiidlv sent us tin* follo\vin<{ informal ion 
(l.etti'r. dat('(l I’oona. Anrtiist 2Stli. I'.iKi): • 

When i was in .lava 1 was mi the lookout for indiyo) seed for yon. 
lint was told evervwluae that tlima' was vei-v little yrown now in .Fava 
and iiom* at all on an nie:ani>;ed scale, 1 could not iind that anv of the 
(‘ompanics yri'u it. and the oiil\’ place wln're 1 saw it erown was at 
Djokjaloirta wlieri' a yooil deal is uiown in small plots l>y natives for 
their own use. When I was there in Di'Cemher rhe<n'<)p was still yoiiny. 
From wliat i saw I feel faiilv sure tluit it is no lonyet yrown on a commer- 
cia! s{-a!<‘ or uii<|er skulk'd supeioision in -lava.’ 

fniporters of ,la\a sei'd often commeiir on the ditfevence in. ijuality 
and yerniiiiat ion power heTwi'cn licit miw olitained and the supplies of 
ten vears ano. The si'ed now imported is raised liv the natives who 
aecordiny to van ( I in kunii (p. take no care in select iri.e; tlieir seed. 
When nrmvn hv the Dutcli planters, the production of seed was a 
matter to which yre.u atti'iition was jiaid. It apjiears tlierefore that 
liofli in.laxa il si'lf and also in Ihharliu' botanical I'onstitution of the 
main crop has alten'd in a similar manner and is now ]ariLi<‘lv coni|iosed 
(d deep-rootiny. late types. These late ty|)e>. however, do not breed 
true. Init yive list' to a (ertain t'lnmlx'r of t'arly (jnick-yTowiny forms. 
Ify a <-arefu! cmitimious seh'ction of tlu'st' early tyja's it is practically 
certain that the ol<l .lava indiyo. which did so well in Ihhar. can he 
rei'overi'd. 

(df laic years wilt has sotnethnes madt' its appetiranee in fit'hls of 
Niiniatiana indium The e.xplamc. ii'ti of this oeeinreiiee i.s doubtless due 
to a eiianue in tlH‘ tvjie of plant enltivated. It is well known tltat in 
recent years a yoo<i di'al of seed has keen inoiiuht I’roni the Ihinjah am! 
mixed with the ('awnport* helore sak' (o (he jilanters. 'ritese Xorth- 
\\ f'st ( vpes are deejicr rooteil than the (‘awiipore plant and art' therefore 
more liable to wilt in Ifikar. The ivniedy in this east' is to pn'.serve 
the old ('av.ii):ore plant and to snpt'vvise the }irodnctimi and sale of the 
seed. 
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IV. THE CULTIVATION OF INDIGO. 

The oultiviitioti of incli.iio is lar^vly a mall or of soil-aoration. Tlio 
aim Ix'fnre the planter is a simjile oik' mnnelv. I lie production of tlie 
maxiiiimn amount of indiyo per acre in the slimiest possible time. After 
the end of July, the crop is alway.s liable to (lanuuie by wilt arid lhaals 
so tliat it is a yveat advantage to force on the ;U'owth and secure the 
st'cond cut duriny the latter ])ait of this niontli. Tlie directions in 
which the plant (am lie assisted in it.s work fall naturally under two 
heads— cultivation and drainaue, These two niatter.s will lie considered 
si'parately. 

. It is in tin* cidtiAation of .hna iiidiyo that im])roved 
iiicrhods are parlicidarly necessary. The prejiarations for snwiny 
Saniatrana at th(' beyiniiiny of the hot wiatther liave laniclH'd a hiyli level 
with tin* means available and no vei'v yreat room for improvement 
appisirs to exist as far as this spc'ciixs is concmaH'd. In the prepniation of 
the land for the .la va ci’op Imw e^■el'. insulllciciit aftentiim is olfi'n paid to 
the at'iation of (he soil. As is well known, the Taliar alluvium l)(‘Conies 
(haiselv jiacked liy the monsoon rains and is often on the moist side wlnni 
(he sowiim time for this ci'o]> comes round in October. A ilioroiiyh 
(adtivatioii of ( Ih“ soil befoi'e sowiny and ! In' foi rnaTion of a yood ai'rated 
tilth have a woiuh'rful ('iTect on tin' yoiiny seedlinys. Tlu'ir root 
development is stronyer. abundant nodules are formed and the 
|ilarits come awav well in late Octoher and early November. Want 
of cnltivatioii on the othei' liand. particularly wlieii tin' soil is on the 
wet side, leads to a stunted crop \ci\ liable to attacks of Ps>flla. 
Planters will lind it to their advaiitaye to bestow inon' care on their 
prefiavations for snwiny -lava iiidiyo for leaf and to bear in mind tliev 
are dealiny with a leyiiminous plant whose tutiiia'. as an indiyo 
pi'odiicei'. depi'iuls on a cojiioiis devidopment of roots and ront-nodiiles. 

The cultivation of lintli-fava and Sumatrana indiyo duriny the hot 
s(‘iison is a matter to which adiaptate attention is only now beiny ]>aid. 
I)unny this period, two thinys nr(' neccs.sarv- tlie lemoval of weeds 
[wliich rol) the soil of moistui’c and ininci'als ami check the bmm'iiiny of 
indiyo) ami the formation of a surface mulch of .several inches of loose, 
lire soil to coiLservo tlte moisture and check bnrniny. Even on tlic I'cst 
mamiyud ('.states it is doubtful wlietln'r tlie indiyo is cultivated euouyh 
(biriiiy th(' hoi weatliei'. ]l is still possihh' (o see streiclies of I'hinl 
cotipietiiiy with weeds in land tin' .siii'laci' of which is much too har'd 
and firm to (he tread. Formerlv. indiyo fields wcie liand-weeded but 
the results were not satisfactory and the cxjiense was considerable. 
Tlie croj) can l)o weeded and the mnicli of dry soil jirodiu'ed by means of 
the Canadian lover-harrow, t he liiuxs of which can tu' :idiiist('d to suit 

( •> 
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tli(‘ stiiLic of ilovolopnioiit of tlio .^rowing indigo. Immediately llio cover 
ct'Oj) is removed in March, the young indigo should be cultivated with 
these hari(.)\vsand. as the ])laiits develop, a deepin' and deejiornmlcli of dry 
soil shoidd !)(' [jiodiieed. ’Weeds are at the same time pulled out and the 
puiH'i is bndoMi. Alioiit the begiiiidng (d Mav, llie crop should he siilH- 
eicntly advanced to stand cnltivation with the spring-tine cultivator^ 
hy which a mulch of dry soil about tlu'ce inches in de])th can he piodueed. 
'I ii(‘ eileet of this etdtivation is to stimulate grovth. to re)uo\e weeds 
and to leave a thick lunleli of rlry soil. This soil mulcli preserves uiois- 
liire and check's huining and also selves to ahsorh all the eailv monsoon 
rainlall. The result is extremely rapid growth and the hastcJiing of the 
time of the first ctil. 

After t'ln' first crop Is talseii. the indigo'rriots jnoduce shoots foi- the 
second cut much mor(' quickly if a hianch is left to maintain tlie trans- 
jiiraiioM curnMit. This is a griait advantage as the sooner ilie second 
cut is taken the hettei'. It often hapjiens that wilt a))j)ear.s on the old 
hrancli as soon as the mwe basal shoots art' wtdl esiahli.slit'd. This has 
been reteried to above and is merely a starvation eil'ect and does not 
involve tfie wilting of tlie new growth. 

After th<' scettnd cut has been letnovtal. the crop should lie dug out 
and the land not I’t'ady lor tiih/ crops. If does not pav to keo]) tlie old 
stiiinjis lor a si'etl ci'op as hv this means the land Iwcomes exceediimlv 
loiil with wt'eds iuid tli<' (jiialitv ol the set'd .so obtained is neueralK' 
])ooi' and often small in Jirnonnl. 

hnn'tiiifji’. ,\s till' \vell-l)eine of the indi-o cro]). other tliinus heinu 
ei|iiah depends on the aeiatioii ol the soil, it Itdlows tliat anv means of 
protecting tin' porosity of tin* land from daniarie hv rain and flood-water 
iimsi prolong tin' life of the plant and increase tlie vield of indigo. 
OiK' of (he faetors which destrovs the tilth ttnd cuts off the air supjdv 
to tlie roots i.s the laiidall. This uo cannot control and it mav 
sorm'litiK's happi'n that this factor alone vill he siiflicient to destro\' 
the ; leration of the soil and bring on wilt. 

There are. however, two factors licsidcs (In' direct rainfall which 
alTect soil-aciatioii. These are tlie nin-olf (tlie poition of tlie rainfaJl 
not absorbed by the soil} ami floods. The iiiii-oll’ (often referred to as 
surface draiiiagi*) is ])erhaps moi'c detnmental to indigo tlian floods as 
lh(‘ fornu']' damages ( he ei'op eveiy year wherea.s floods occur onlv about 
mice ill four years. The run-olf acts as extra rainfall and land subject 
tlicreto lose.s its jiorosity and therefore its power of maintaining its air 

• Tlie Caiiiidiati It vci-liai rows rcffi'i'cd to can now iu‘ oUlaiiicd from Mt-ssrs. OctaviniH 
Steel X' t'o.. Calcutta. \\]io aiv (iic lialian A^4'nt.< lor tlioc ini[)Ictm'tits. I'Ir- (iv!‘ tine. 
s}ainc^-too!h cnltivaUa' >o|<l ty .Messrs. A, lUith r A ( o., Mozatfai jiorc, and l)v Messr.s! 
Volliiirt .Brot]i<‘!s, l.yaSquii. I'lmj.ali, 
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sii[)])lv iiiucli more rapidly tlian Helds wliieli have to deal witli their 
(iwii rainfall oiilv. The control of tlu' iiin-oh is a siin]>le matter and 
can he acliiev(Ml hy the Tusa metliod of smdaet' drainage now to ho 
S(‘('ti ill operation on the Dlioli estated This s\’steni consists in ilividin^ 
tii(' zerafs into siiitahh* blocks, (“acli about five biyhas in extent separatial 
from one anotlu'r by trenches provided with yrass borders. The 
run-on’ of each field passes over the yrass boirh'rs iiitu the trenelu's and 
is led to the drainage lines, Fields at a lower level are thus ])rotected 
and have to deal wit ft tlieir own rainfall only. Inciihnitally. the fine 
soil is retained on the land and siicli fii'h Is level theinseh’es and rajudly 
increase in fertility. 

... Floods affect the wcll-beiny of tlie imliyo crop in several ways. ( 'om- 
plete suhnieryence of the plant for any hniytii of time natiuidly destniys 
it. On liyht poor lands, wliere thv nodule cycle is iinpoilanl . tlie flood- 
ing of tlie land either kills off tlio indiyo at once or leads to wilt. 
Snbjiiej'nence of the land in wliicli the iiidiL'n (h'pmids on 1 Im nil rate 
nit roeeii cvcle niav not in all cases, as explained aho\ t‘. dcstioy Ihfcrui). 
I^^(“n where tlie liiyii lands arv not iloodei], any liieat rise in the water 
level at once affects the siih-soiland nmders it nnu'li iiioisti'r than lfelor<‘. 
Tlmalfcctod indiiio may not annually wilt Inil it olleii be;jjiis to ehntiet' 
in cohiiir and to drop its leaves. An inteiesf iiiy case occiii red at Jhma 
in October IDlo when the late flood markv'dly aheeh'd tin' aniouiit ol 
moisture in the sub-soil and led to the ju-oduetion of niueb yi'liow half 
followed by leaf-fall. Floods are also (hyriniental in inlerhniny with 
the clliciency of a surface drainage svstem b}' blocking the (uitlalls and 
SI) preventing the diriininy away ol the run-off. 

The ])revention of Hoods is iiaturallv a moi'e difficult matter tluin the 
control of tlie rim-olf. It is. liowawer, of yreat importance to tli<‘ lutiire 
of the indiyo industry and to the ayricultinal develo[)nient of .Vorlli 
Filial'. Tills tract of countiw con.'i^ists. as i.s well known, ol a series ol 
alternate ridyes and low-lviny areas wbicli iiin uniylily jiarabel to the 
livec.'i. A s(‘('tion at riylit ancles to one of the lix'ers wouhl ])ass 
through a smF's of IIkcsc' rai.sed folds and low-lying d(‘pi’cs.sions. Tin* 
iiidiigo faclorics occur on the ridgx's and rice is cultivated in the depre-s' 
sions. During the monsoon, tlm sub-soil water level rapidly rises and 
the rice areas fillup with storm water, Tlie monsoon water-level i.s now’ 
often so high tliat onlv the rldg<‘s remain aliove water. AMien a flood 
<'omesdown from the hills uiidor tlu'se coiuhtions. the water-level rises 
still more and some of the ridges with tlieii’ indigo ilelds go iiiuier water 
and are destroyed, iSio local system of surface drainage, liowevei perfect, 

‘ Eor Li fultcr Kccoruit of tlifs syr'teiil of >ui'l'ikei.‘ diwiiiiice aixl of ils advautagei Uie 
I'fudcr is ix'fmvd to Tussa jiullvtiu otf. 
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is of ;iiiv :ivail iiuvuiist suck llnods, TIilma* is totsii siikuicracnci:' foi some 
<la'\S till tlie ovefworketl (Iraiiiaao iitiescaii a;aain lower the watei'rlevel. 
Serious as is the ocean eiua* of these floods, a still iiu)i'e ominous cii'cuiu- 
stuiie(‘ is tin' fact tliat the liiali-llood level is slowly risin.u at the rate of 
about three inclu's a vear. The [esiilt is that the air-spaces in the soil 
become more ami more ie])laeed by water and tlie area of indigo killed 
out incrt‘as,(‘s. Kxperieiieed jtlanter.s say that this contiiuioas rise in 
tli(‘ flood-level is causc'd !)v einbankineiits (canal, rail ami road) wliioh 
interfere with the iiatui'al draiiiam' of the coimtrv and iiidiiecllv silt 
uj) the wa!(U'-\vays. I'hma' can b(‘ no doidtt that tlu'v arc cori'ect and 
that in the (h'veloptmmt of Xortli Ibliar far too imicli at1<nilioii in tlie 
[.)ast ha.s lanm devoti'd to ('<»nitmmicatioiis and that liltii* or nothing lias 
bemi done 1o maintain ami iinpiovi' the water-ways. The rivers and 
dramaye line.s in an aytimdlural coimtrv are lar mor(> important than 
roads, raiiwavs nr (aiials. Tin: ri\'ers and tlnnr tributaries are the 
natui'al drains of tin* countix' which carrv oil the surplus water ami 
pteveiit tlie land bncoiniim a swamp, Anytliiiiy whieli interferes ^^ith 
t his river action in the monsoon help.s tow,ii'ds swamp comlitioiis in 
two \\'a\‘s — bv iiolditm up watnr and bv causiny silt dn])osiTioii in tlu' 
clianiiels. W hen the llnw nl a ti\er is clnudani. silt beyins to <leposit 
and tlu' btnl is raisi'd. d'lie t bus la'coim's less (‘lli<'ient and as tJiis 

])ro(-('eds it ovt‘rf|o\..s its banks mor(‘ fits pienTly. In the construction 
of |)racl ically every In idy)' oxnn- the small riveis and diainaye lines in 
N(H'th lidiar. t «)0 mmdt allenlion lias been paid to eeonomv. In erectiny 
these l)ridy(>s. an earthen emlianknient is yenerally thrown across from 
eatdi bald-: of the draimiLje line and a little bridye is jmt in iti tlie 
miildle to sa ve ii'on-work. Tin' lesidt is tliat tlie liiyh-Jlood water-wav 
is pai'tly olistriicted : water is held up lonyer than is necessai'v while the 
deposition of silt slowly hiocks up the channel, fhesides sucli enibaiik- 
inenl.''. tlie Tribeiii canal, whicli crosses the draiiiayc* lines near (lie 
Xep.d frontier ami sometinK's eoiu erts the coimtry to tlie north into a 
]iuy(' reser\'oir. is said to be a p(»tenr soutet' of mischief. Tlie biirstiny of 
tliis miylity aitiiieial lake' is olteii too mueli lor the overworked l■i\■e^s 
and. ill lOlo. yreat ilamaye was done. 

'The reined}' tm' this state ot tilings i.s the inimediate construetioii t.if a 
(Irainaye map for tlie wlioleof North I’iiiar on wliieli the various drainaye 
line.s and the- impeciiments to tlie free flow of water are aecnrately 
itM-oi'ded. W itli this map a.s a ba.sis. obstnielions to tlie natural how 
of water can lie removed and the K.\(‘cuti\'e will possess a jaiwerful means 
of contrcfl in the future. No new inacliinei v is inuiu'diately iieeessai}' 
for dealiny witli tliis matter. The' Jfisti'icl Hoards po.-^.sess the iiuuis 
and Einliankiiient Conimittec s exist foi' dealiny witli sucli subjects 
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()n f.iolii of tiu'ao bodiori tlic‘ ]ii(.|i;:d jilaiUt'i's aio slixmiaiv K'pK'sdntoii. 
I’lio iiii}ivt)\X‘iiH'nt of tlio ^uoiKM'iil (liaiiiii-o df Noilli iUlmi’ is tin- Inuiula 
lion stono oil which the fabiic of a rejuvenated natural indiuo indtistiv 
(•an lie reared. 


V. SEED SUPPLY. 

•Itirn indtijo. I’iio iin|iortanee of a I'elialiie source of seia 1 of Java 
ituli.iio needs no explanation. It th(‘ supply can he prodneeil loi‘all\ 
a laiyt' aiuoiint of money will he savial and a yiiait soiiree of anxielv 
1(1 the jilaiiter.s will have been letnoved. Xov. that the ini] roveinent 
(if I he Java crop hy sc'leetion is in proLiia'ss. if is mod' than cvci’ dcsii 
aide to discover nielho(l.'< ol seed yrowiny A'.hieh aia* (piile indej.einh'nl 
of tli(‘ season and which can be tahmi up on the i‘stat«‘S tlieinselves. 

('oMsiderable attention lias lieeii paid to this matter at Ihi/^a. The 
first point that has been provinl is that seial nrov.itiy must Ih' ro-^arded as 
(luite sepai'ut(‘ from ordinary indiwo cultivation and vjiat tlie fotint-r 
practice of kecj iny on old iiuliyo for seed must he yiven np. A sjiceiai 
seed ei-oj) siniuld he sown in earlv Auniist V.'liicli afterwards can lie kept 
lor leal. In ordinary years, as lias keen delnoiistrated at Ihisu ami at 
Dtioli. this opieration presents no dillieulties and excer-dinelv bne 
erop.s ol well-filled S('ed can in this v,a\' lie ohtaiiieih As no setting 
tak(‘s place unl(‘ss the flowers aix' visiti'd iiv hees. ilie seed crop must 
he well-spaced and the jilauts allowed to huaneh. if prown in tlni 
ordinary way. tlie jdauts are niucli too close toyouher and onlv a little 
seed is tormed on tin* ti|:s of the inaiieixY, 

In a voar ol heavy July and .Vuyu.st rainfall combined with floods. 
tIk' inattei' is. however, not so simple. Such a season ueeiirred in Ibl.o 
when, oil many estates, the .\u;.inst sown ,srcd eroji was more or h.-'S 
a iailure. .U the experieiiee ohtaiiu'd in that srsison fiitnishes 
wduahle eontirmatio.u <d our views, on tlu' importance of soil-aeiatinii 
in indiyo yiowiiiy. the facts of the casr' must be stated in .some detail. 

Tln> iiiuiisooii of Ihlo in Xortli Jhliai was In-avy and waJI-distrilmted 
and. in addition to the rajiilall. there oeeurred a series of flomls whieli. on 
most estates, cut slioit imliyo nianufaeture and killed out larye areas 
of the ero]). Tlie weather diniipj, llu‘ liist iialf of Auyiist— the j.eiiod 
wlnni Java indiyo has to be sown lor seed — was \ eiw wet and few breaks 
oeeurred. J he almost eontinuoiis vninfail after ihe seed eio): was sown, 
eominy as a reiuforeemenl to the iieayv falls in July and In the fleaids. 
so coiisolidaled the soil and interfered with its aeration iliat on a coii - 
paratively few estates only did the seed etop do well. It was only 
111 cases where the surhiee dvaimiye was yood and the mitmal aeiation of 
the soil was above the averayt; that Java iiidiyo sown lor m ed was able 
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tn lifow lutijiially and pi'oducc an avi'rayi.' (nittiirn. (hi tlia lioavier 
soils in tlia sub-iiKHitatiL' tract and uii tli(’ li.clitcr lands wliicli had been 
floi):l(‘d pro.vioijs t(.i sowiii'i. tlu‘ ‘soil-aoratiun was so in tc tie red witli that 
tin- seed crop was attacked and wilt and jauved a complete 

failure. 

At Ihisa. a nurinal yield of seed was only obtained on t\io of the 
hiuhe.st plots in tin* Ifotanical Area. Tin' iiuli-o on these at'ea.s. Avliich 
Were* perleetly drained. helia\’ed as in a iiormal season. Three plots 
at a jower elevation did nut do near!}' so ivell. Alter (he last liuocl in 
Oetohei'. the soil and sub-soil Itecaine much wetter (due to lateral jjercola- 
tion fruiti llie ( oindak). tie' leave.s heuan to (iirii y<>llow ami leaf-fall 
c'Oninieiiced. 'I’la' crop was saved Tom destruetiou by a dee[> cultiva- 
tiuii witli the hubtf wiiich ;ja\e the routs the necessary air. The late 
llood kept (he .suh-soil water hieli and so pixwented the soil-aeration 
which lollows the usuai fall of the yruiuuL ivaler in Septeinher. The 
three plots in (jiicstion uave a modeiate yield of eood seed hut it was 
not till tlic hot Weather hcaaii in I'Vin'uarv that the fuliaue really lieeaine 
lioriua!. This expi'iietiee as well as (iiat on majiv' estates shows how 
itiiH'h the jiidspecis of tho seed ciojh depend on tlie raiiiLall and on the 
fall of thr eidUiid-water towards the <'utl of the monsoon. 

in 1 lie ease of Java iiidiyo sown ior leaf in eai’ly October on the hinliet^ 
lands, (piite dilfeieiit resiilt> were obtaiiu'd. After sowiny time, little 
or tut rain led till Mareli and s(t there w;is iiolhiity to interfere with the 
natural aeration i4' the In many ('ases. this leal crop ya\'e small 

(plant ni 's 4,il' c\<-(‘i!cm seed iii h'i'briiai'v. ;i jtlieiionKmon which ditcs 
not olten ocelli in vtaiis wluai llit- iiornml anioUiit ol cohl weather 
raiiifidl is received. 

This expel ietice agrees, in all Jesjtects. with tlic results ol the various 
exp‘erim(.mts in yr(.iw.my Ja\a itidiuo Jim' seed at Pusa. Seed loriiitil ion. 
other fiiiiiys hi'iiiy etpud. is a matter of suil-ai'iatiom If timple air foi’ 
tin' roots is provid(?d a full ci’(;j) of st'cd is uhtaitied. Jf heavy and lony- 
eontinued rain after sriwiiiy interferes with arowtli,. the crc»]) i.s hound 
to 1h‘ lielow the a\'eraye. 

It has been slio\\ m that in ordinary .seasons Aueust sowiiiys on hiyh, 
drained laud are ail lhal is necessary to secure tin- stasl croj). Some 
jiicans. Iimvever. must he diseo\ ('re<l ol: obtaiiiiiiy seed in wet years like 
IJI-n Several met hods of aeeoinplisliiiiy this I'esiiH air heiny tri<'d. 11 
tlieseed efopi^'Sciv, n fairly t]jiekl^ . it iuiyiji easily he pnssihli' hy means ol 
rhe levei'-liarrow on the yoiiiiy iiidiyo to increase the aetalioii vi'ty 
coiisiderahfv duriiiy the. hreaks in the rains. .Vs sooJi as tile crop is struny 
eiiouyh towards the end of (September; the sjniiiy-tim' cultivator could 
b'e used to itiei'case still iiioru the depth of the aerated soil and iji doiiiy 
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<0 luilf ol: the rcmainin^' crop couUl be removed. After tlie hillm, tlio 
liitul eould be tuiiLiiied witli the kodur (iiiiittoek) after wldeh air would 
liiid Its wav to the dta'per layers of tlio soil, lii ordiiuuv years, sueli 
a Dvatiiieiit does the seed crop a ^reat deal of _eood. ItL a year like 
Ililo. it made all the dillcrciice between] success and failure and the 
expense was well repaid. 

Besides cultivation diiiiny the earlv sta,ees of the seetl cioj). (he 
po.^.siljilitv (jf iniproviue, the aeration of the soil by iiK'ans of flukm 
iiMir.diis lo be considfu-ed. .\t Dliuli. it w’as noticed in lljlo how much 
la.ster the Octol)ei sown itidiao developed in a field in which ihiLni 
occurred. The ui’owth was twice that on the land which eoutained no 
potshertU. At Pusa ver\ <rood results have been obtained on sueli 
laudaiid it luieht easilv [lav to niaki' speeial fltikru fields tor seed iiidieo. 
Expei'iiueuts oil this point aix^ in progress hnlh at- Tusa and Dholi and 
it is exiieete.d that the first set of results will lie obtained next cold 
weather. 

In addition to adding (hik'ra to tlii' land, tli(‘ provision of sld.e^oll 
drainaiti' tiiav jirove to be necessai'\' in \'ei'\’ wet sixisons. Prehininaiv 
results obtained at Pusa indicate that this method is likely to be 
-.ueeessful. The method i-s being investigated and as soon as possible 
will be tried on an estate scale. 

A further point connected with seed growing is under inve.stigatiun. 
it has lieen ohseiwed in tlii“ past that indigo forms tlie he.st seed on rather 
jium land and that i‘i(di soil is a disadvaiilage. Sitiiiiar obseivations 
have been mad<‘ on gram and other leguminous erofhs. Soil aeration 
for these crops is of 1 he greatest valiu' in seed formation hut i ieh soil, even 
when comhiited with improved aeration, leads lo rank growtli and a 
poor I'ield of seed. If. as we suspect, indigo behaves in the .same way 
the point will be important as many of the indigo are on (he 

rich side due to extensive dressiiig.s of .sccf/o The exj)erimetits on tliis 
]a)iiit at Tusa ought to vield dehiiite results this year. 

The .storage of Java seed oilers an obvious solution foi‘ tidhig over 
an unfavourable year like PJl.n In ordinal y years wlien crops of at 
least twelve mauiids to the acre can he grown, it would Ite easy to dry 
the seed aud seal it up in sheet ii'on bins of the Pusa jaitteim.' Such 
seed w(uild lo'ep for sevm'al yc’ars and thus estates would he imhgrendent 
of the season. 

Sunuifrinia Sonic at ten! ion lias also been ]>aid at Pusa to 

glowing Simialrana indigo for seeil. Two varieties v ere tried — .Madras 
aud Cawiijiore — arid botli were sown in .\ugusl. lii each ease good 

^ For a diw'riplioii uf tla'.so Jtjfiriifturiil Jvuriotl uf [ndia. vul. X. {i. :gli), 

J hey arc now mauufacliu'cU by Me!:bi'.s, iiurn & Co,, Cuicatta. 
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.seed was ja'oduceJ but tlu* viuld was ."aiiall. Tli<‘ iiiuspeot ul iiruwiii^ 
the seed ol' tliis at a jaoJit iti Ililiai- doas not a])])('ai“ veiT 

luojiiisiiu!, Tli(“ sac'd supjily uiJI iKasuiio jiiiportant Jioa'avo]’ it any 
(*oii.sid<‘rat)l(‘ jiiijiiovaiiiaiit in tins s])(‘cias is obtained by selection. 

The feyulatiou oi the present secnl supj>ly »)1 Sninatraiia iudiyo from 
the ( awMpoi(‘ ir^ion is a matter of inijad tance. Some .system of inspec- 
tion of tlie iu‘lds and the pureliase f)f tlu' whole crop hty the Ptihar 
Planters' Association would | ir(‘Vent adiilteral ion with poor (|Uality seed 
from tin' Xoitli-We.st and would also lielp to i'e;aiilate the piice. This 
is priinariK' a matt(n' for the planters tlunnseh’e.'^. It concerns tlie 
inv(‘.sti'jator. liowevei. as well for until the seed supply ol Sumatrana is 
jn-o])erly ('ontrolled. there is not imieh point in att<‘inptiim to inijn'ove 
this ero[> be .selection. 


VI. THE IMPROVEMENT OF INDIGO. 

1. Java indigo. 

77a inh<)iii(r/utfi nj .htru ba/e/n. The iiitidduet ion ol the Java 
plant into Ihliai aeiieultuiv in IStJS bv Mr, II. A. liailv was an 
iniportaiif event in the history oi tin* natntal indiyo indussty. This 
species is iiuieli richer in iiidieo than Sumatrana and also yives a liiyluu' 
weight of leal to the acre. Tntil it became alfected by wilt in recent 
\ears, ureat hopes wer(> enteitaimnl that l>y its mean.s the decay in the 
Miliar iiidiao industrv could be arrirsled and ihi' comjictitioii of the 
s\'ntlieti<' product succe.sslully withstood. 

A'u/r/Z Java indiiio is .said to have been introduced into 

-lava from Xatal where it was found urowiiiy in the wild state. .lava 
itidiuo. as urown b\ the Dutch })la liters, is however ipiiti* a diHerent 
plant from the wild itidieo of Natal. In IdiJ. through the ;:ood olliees 
of Mr. T\ lb Smith. Secretary of Ayriculiure to the Government ol the 
Transvaal, the seeds of sin, Me jilants of tlie wild iiKli,ao of Xatal were 
sepaiatelv collected in that eoimtrv tor iirowth at Piisa. In this way. 
a strict comparison was po.s.sible. hetweeii the leal Xatal indigo and tlie 
.lava plant. The seeds of tlie various Xatal plants were sown sepaiatelv 
ill rows next to ne.\t so as to deteiiidne to what levtent the jirogeny 
of a .siiude parent showed anv marked variation. Tlie rows were 
reniarkablv uniform in themselves and tlnnn' were no gri'at differences 
to Ite observed, between the various lines. Xatal imligo proved 
to be erect in habit with little-hu'aiielK'd. gieeii stems and tlie 
foliage was soinewliat .spaise. The reddish stems ainl leaves and 
I lie iniich-branched habit of many of the iyjies found in Java 
indigo were entirely afisent. As regards susceptibility to P.sijlla and 
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wilt, tlu' Niitiil ])Uuit slio\ve<.l iar rt'siiitaiu'e tlum tlio Java ciihurcs 
Mi'owiii;^ i;ule by sidi’. This fact, conilbiicd witli its cicct hal)it and jfoni 
hiiUichiiiL; loft no doubt that. Irojn the auriciillund point of view. 
Natal iudiyo is iisuitable for cultivation in Ibliar. Tliis a<:r('os tvitli 
the cNj'orience of .several of the Hihar iiuli^o planters tliPinseK'os. 

i'<nif<ti(t(iion of (h^ Jara croii. .lava indiyo is by no means .so 
nniforni as the Xatal plant. It consists of a mass of fortiis (iilfeiin” in 
habit (from (‘I'cct to much l)ranched types) : in co](iiii' of the stems and 
foliipie(yreenish. internKMliatc anil I'eodi.sli) : in si/amnul slnijie of leaflels, 
in tinu' of lloworiny and also in i()ot-(ie\'(‘lopment. The raime 
is ext raoi dinary and th(‘ occurrence in the mixture of forms re.semblinu 
Natal itidiyo leinls colour to the idiai that Java imlijao arose from a cros.s 
bet\V(‘en the .Natal plant and the s|i('cies foi'merly cultivated in Java. 
Al first siyht. Java iudi^io a|)[)ears to afford an ideal select fon ;irouud 
for the filanl-breedei-. ifelove. liowxwer. [lie <pH>:tiim of jjiijn'ovement 
by s(J(’ction can lie considered, the methods of jiollination ami -d 
ferlili/alioti in this species must bo studied in detail. It is oiih’ im 
such e\’i(len('e tliat (‘ori-ia-t metliods of iiiijirovenumt can be founded. 

I'ollntdfunt. The method of nolbnation of .lav.a indiuo was studied 
bv lhiriie]l at Sirsiah and in the last report of that station be de.serjlieif 
the results of this iiiN'estiualion as follows ; — 

Mxamination of the flower of /. tinrchi reveals a mechanism 
designed to ensure (‘xtensive ciossdertilization. The st^'le proji'cls 
throicah tlie rin,;: of anther.s and carries the sti^uina into the clo.sial ajic.x 
of tin* ke<‘l where it is |>rotected from contact with tlic pollen libcj-ated 
lower down in the keel by tin- Inirstiim of tiie anthers short! v before the 
ilower ojiens. By earefiilly exposimi tlie sti.mna of an unsjnuny flower 
one can .sec* that it remains free fj'om its own jiolleu in almost everv 
instance. If the spiiny mechanism is not released the Ilower remains 
in this condition for several daws when it heeiiis to fade and the ]K)llen 
mav ^ain access to tlu‘ .sliyimi and produce self-fertilization. This 
latter event however oeciiis raivlv : this may be due partlv to the fact 
that the ]tol]eii doe.s not always reacli the stiunia and paitly to the fact 
that the pollen ol an old ilower jio.sses.ses considerabl\' les.s germination 
])()wer than when it is Iresh. a tacf readily rlenionsl rated hv ;rerniination 
tesfs (lone in an ayar solution einitainiipu lb pet cent, cane simar. 

Normal fertilization appears to be broueht about tbroimh the ULieiKw 
of. insecf: visitors. In tlu' yottnu op(m Ilower. a stale of tension exists 
between the ovary and the keel. The latter exerts a strony downward 
luvssiire on tin' ovary and is kejit in position by means of a fold of its 
free edye on eacJi side, the two folds coiiuny tugetliei for a sliort .sjiacc 
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over the ovary about tlie middle of its length. Two ])rojc‘Ctin^ simrs 
ol llie k(M.d. one on each side level with the folds, .suppoi'l the wiiiLjs as 
a h'vel ])latforiu over the keel. \\ lieu au inseet alights on this jilatform 
the spui's are depressed, tlievehv s(‘[)aratiny the told.s and reloasiiiLi tlie 
ovary. The wind's and keel .s[)rinu down, owiny to a sudden bendiny 
at their base, till they are aliout at riyht anyles to the ovary wliicli has 
jerked sinhlenly upwards. The stiania comes into immediate contact 
with (lie under side cd the in.sect which is also covered with a cloud of 
polhm : in this way the stiyma receives a mixturi' of j)olleii from the 
llowers alneidy visited liv tlu' insect. This operation may be observed 
verv readily in the field, beine (dTectaal most comuionlv liv Apia (lorea 
and Unhcina putfurosns. two cannmoti Indian liees. botli of whicli visit 
ttoweiiiin indiyo jihuits in laiye numbers." 

During the past tliri'e. yeans we have (‘xamineil the flnwc'rs of Java 
indieo in detail and oui’ observations conlirm ami icxtimd thos(‘ of 
Itarnell. Tlie details lelatiiiy to tin' fiowwrs and the mi'thod of pollination 
(‘an be seem in (In' hlati'. Tlit'i'e is im doubt that j-ollinatimi In' means 
of Ihm'.s is tin' I'uh' in this crop and that in the absi'iice of these ins(.'cls 
little or mi .S(‘ttina takes place'. I’o piove t lo.s. a nuinlier of larye 
healthy imlino plants, wiiicli had been yrown from see'd sown at 
the end ot Aiiyust. wcie co\'('i‘('d with Iranies ov('r which mos(|uito 
netting had bei'ii stretclied. Tin' plants were put under the flames 
b(‘foi'(‘ any (lowers had opem'd and tin* bases of the frames were sunk a 
few inches in the ("ai'th to ensure tlu‘ conijih'tc' ('xcliision of insect 
visit(.)rs. In all cases jiracl it'ally no pods lornied. the flowers remaining 
open for a tew days and tlien drying up. The cove'red plants yrew. if 
anything, better tlian those ontsidin The ordinar\' uncovered jJant S(‘t 
seed in abundance and the contrast in this r(‘speet between tlie covered 
and uncovered plants was most striking. In each of the covered 
plants om' hraiieli was allowed to nrow outside tin' net. an arrau.nemont 
luiviny been made for this purposi' wliieli excluded inseet s. The braneli 
.yrowiu;^ out into the free air in all eas('s set seed, llien'by provin_u that 
the failure to set se('(l on tlm part of (he covered plants was not due to 
any weakne.ss of the plant itself but solely to the exclusion of inseei:s. 

The alisenee ot more than very oeeasionai setting under nets 
altliou,uh the .stiynia is off('n in eoiitaet with its uwii pollen, is not 

!>( ■•‘ffifilitiu nj — 1. n lirancli nf .lava iinli'jn. 2. a riiiii|)lctv iiittiit'cs- 

cfiice. 3, a rljic [xjd. I. a tluM'ci' btid slmwin^ tlie ndalivi' posilinii nl' ilx- anthers and 
stigma just, tlii.' {lulleii is Idierated. ■”>, a fullv o|)etied finwei'. (i. a sjiniiiL' llower. 

7, the kctd .seen from above showing' tlie [iru jee(in,i> sj)in< atid foids. S. half llie kp.‘el seen 
sidew.iv.s .sligwiiwf tlie fold whk-li keelis tlie y iiing pod in pla i'. !.), (lie, pii^iliga of tlio 

fuaflets at midday. lU, a leaf in early iurjining. 11, tlv pj ilio.i of tin.' Ic.Ulet.s at d-isk 
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coniim'd to Java indigo. It is a coiiiiiion oceiirvf'nco in that Lj,r(ni|) of the 
jj'ijiinihhK’fdc in wiiiaii fi’rtiii/iitioii is lar^cdy dc|)aii(I(‘nt on iiusi-i’t 
visitaiions. Suniatiana iiuiiiio liohavas in exactly tlic satiio inaniKM'. 
\i)i)r}u'r iitUM'ostiny local e\ain}tu' is sdatii {('foUdfiria itinera). In such 
cast's for fertilization to take plact'. it is not only necessary for jiollen to 
come in contact with the stiynia hut the stiyina must itself Ite stiinnlated 
liv ruhhimi such as occurs wlu'u tin' indiyo fiowt'r explttdes and the 
<tiamatic surface strikes somewhat violently the undei-side of tlm hotly 
of tlu' lice. 

Saliiral ciV).>',s'-/cr/f/t:o//oa. Tlic fact that ])racticnlly mi settin,ii 
takes place under nets and that for seed formation to oecur llit' visits 
of hees are necessaiu', points to llx' t'\isteiu‘(' of I'xtensive natural cross- 
imi- AVe slundd expect to find that the eroj) is a mass of cnmph'x 
Iivlirids which do not breed true from set'd. In order to verify tliis 
point and also to compare the proLienv of siiiylc plants, the setal of a 
hii’Ljc miiuhei' of individuals ot tlic ihli) crop was cnllcctctl sc]!aralc|v 
and sown sinylv in lines, next to next, the following Auyiist. None 
of the plants hr<'d true hut yave rise to inixi'd cultures, thereby confirm' 
iicj tin' occurrence of extensive natural crossiny in this crop. Variation 
(Inc to crossiny to()k jilacc in manv obvious cliaun tcrs sueli as the colour 
of the stem (yreens. int(‘rmediat('s and reds), tinu' of floweriny. habit 
(d yrowth, si/a' of leaves, amount of total leaf surface and rapiditv of 
'ur()i\ I li. 

]' irjdtir <>l ftltntis jroni srr<(. In all crojis -wliorc eros-s- 

h'ltilizatioii is the lufe and little nr no setting takes phua* in luotcctcd 
llowiu's. it is jiai ticulaiiv neccssarv to deteiiniiu' whether or not tliore is 
any lack of viyour in the plants raised from self-fertilized .seed. So far 
as tlic evideiu-e obfaim'd at ihisa yoes, tiie indications are most definite 
that .lava plants raised from self-fertilized seed, even in a siiiyle 
eencrafimi show a marked falliny oil’ in size and yeneral viyour. If an 
attenijit were iiiadi' to pni’ifv the Java hx brids ami to ohtaiii a plaid 
Im'cdiny true with hiyh indican content, the exjieritmmt would, in alt 
prohaliility. fail in a few years on aceoiirit of sclf-sterilitv. Eipiallv weak 
plants ar(‘ yi'tierally obtained if a similar attempt is made in croj.s like 
niai/e, Exjii'iience teaches that in such ca.ses tliere is no advantaye to 
he obtained in trviny (o aviml crossiny and to se(‘Ui-e plants hreediny tnu' 
to type by coiitimied self-fertili/atioo. Such atti'nipts at in-and-in 
breediny fail tlirnnyh loss of voyi'tative viyour. It is better to control 
crossiny iu sueli (-asi's as Java indiyo than to att(‘inpt to ]>revent it. 

f ml lean confenf. One of the factors that must he considered iu 
the inpu'ovement of Java indiyo hv selection is imhean eonti'iit. That 
the various individuals constitntiny tlie mixture known as Java indiyo 
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fliilVr coMsidornhly in iinliraft content oxroeflitnilv probalilf* nii 

'ioncial pi'iiiriplf^s nnd is (“(Mifirmwl hv Parnoirs sfatcmciit tliatthe.se 
fliftei'('ne(‘s aetually do occur in the field. The profitalile utili/.atinu 
of .su(“li dilT(‘i'('nc(‘s however is (luife another matter. What 
is the iiieaniii^ ot cont(‘Ml ? ( 'oiisidei'cd ])hy.siolonically. the 

itifftcffn in the plant ropre.'ionts roiiLihly tin* (lifT('renc<' IxTweeii tlie total 
nilfoiicti assimilated and tlmt used n|) lor ;jirowjli. luihcmi content, 
as we know. vaii(>s ,ereat ly with the environnn'nt and is usually highest 
in slow yi'owiiiy plants, fltlier thiiiLis hruin^ (Mjiial. w(‘ slioiihl expect a 
liniher nujinm content in slow yrowiny. ]a1(‘ types than in rajiidly 
developing (sirU' sorts. Thi.s is supported bv tin' trial of a lajiidly 
lii'owijiy t\'|j(' of ,]a\’a at Dholi this v<‘ar vliieli uave sonuovhat less 
indiu'o jier Kio niamids tlian Ihe 'general rro|) liiit made up for thi.s ])V5in 
increased yield of plant ])er acre, f'oiiversfdy. the late Madms type eave 
more ind'u-ait per PH) niaiinds than the (sirlv f'awnpore Sumal rana. 
Ihuyllnul (Sirsiali licjant foi 11)0(1-07, ]r. 10) found that tlie nxjtcfin 
content in the slow-arowiny Multan tvpe of Snmatraua was hieber 
than in the rii))idlv-yrowiMy J)clhi4'awn]>f>re variety. 

1 n seh'Ct iny on tin' basis of hiyh (ynhcun contmit lor Bihar condi- 
tioins wcare likely to cneoiinter a serious dilliculty. Tin' plants riehesf 
in rmlifan will prohahlv be slnw-yrou iiiy. late kinds whieli will not fill 
(lie jilantors' I'.nls ami whieh niav Ix^ eauyht by wilt and Hoods in the 
sei'ond hall of tin- season. What tin- planter wants is a rapidlv-yrctwiny 
.lava plant which is a earl -filler a nd which can make tile most ot the 
earlv sale monsoon p(‘iiod. The invi'stiuator. in foliowiiiy the line of hiyh 
itniican content, is nmn' than likelv to fail, lie may succeed in yettiny 
a tvpe liiyfi in mdivati luit it max- he of no pracfical mlvanfaye to flic 
pla lifer. Jn a coinitiv like India wheie the season is everytbiny, 
e.xperience teaelies us that it is licsl fo play for safety and not to take 
risks, ft is always advantaycoiis to cultivate fypi's which will ripen wef 
within tin' season and to avoid late kinds whicli only siu'ceed now and 
then. Kverv ))laiit('r will ayive that tlic period .lime and .July is far 
more iniporfaiitin indiyo mannfaeturc than Aiiynst ami Se]>tcml)cr and 
that the sooner tlic lirsf two cuts are carted the better. The planter’s 
objeef in yroxviny indiyo must at this juncture lie clearly kept in mind. 
It is to sccuri? the maximum amount ot indiyo per acre, nof fo firtnr the 
fi/f}c o'hivh the hif/J>esf ijiofd j/rr lOf/ inmoofs of (jmnt planf. The 
hiyhc.st yield jier acic under Bihar conditions may easily be obtained liy 
types which ai'c by no means the liiMiest in indkaii content. 

Methods of Aclectiou. In tlie improvement of plants cverytliiny 
depends on the adofition of the riyht method. TJio method or methods 
in anv particular case depmid on an accurate understandiny of the facts 
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il('aliii^ with polljiiiil ion niiil iVrtilizntioii :ind n corroor iqjpreciat Ion t)f 
all tiie \vorkin,t:' {'onditions. botanical as well as a.i^iiciilnniit. 

Jii the jiresent case it will bo an advantage, bcidro doaliiiL: witli 
tin' actual raothods which can bo atloptod. shortlv to rocapitulato tho 
uorkiim conditions, Those arc : — 

(1) (’ross-poliiiia(ion by Ik'i's i,s tho rule and little m i]o sotlinu 
takes place in tlio case ol prnt('ctod llowois. Arlihclal 
soU'])ollination is didiciilt and does not viold iinicli seed. 
(•J) Tho crop, as ordiiiarilv yi'own. consists of a mass of complex 
hotorozyyotos. that is. of plants v.iiiclt do m)t hi'eed true, 
(d) The seed of solf-polliiiated flowers eives lise to oil'sjiTina' 
lacking in viynur (>om])ai'ed with th(‘ ])lants raised 
from ordinary seed. Tlie occurrenct' of self-stefilitv is 
lU'actically certain in Java indiyo. 

(1) Tile tyjie.s composiny tlie ci‘op vary yreatlv in rapiditv of 
yi'owth and time oi lloweriiiy. Some doveloj) ijuicklv 
and Howor oai'lv. others yi'ow nuich inon' slnwlv at jirst 
and only beyin to flower towards tlie end of lln‘ season. 
Tliis ranye in tinu' of jloweriny is cofrolatorl with the 
development of tlie loot-systcrn—thr (airlv sorts ai'C 
shallow-rooted while tlu* late kinds I'.ro deep nmtt'd. 

{•')) The types vai v in indicaii content and there is rvideiii'e for 
lielieviny that ttu* eai'l\' kinds contain less oedVr;)/ p^r 
HH) maiiiids than tlie late slov.-yrowima kinds. 

(ft) The best method of obfaiiiiny seed of Java indiyo is be 
-\uyust sowinys and not bv keepiny on the flctober sown 
leaf crop for seed, 

{7} The time duriny v.hicii the work dealiiiLi with cheiiiical 
selection Inns to lie carried at is vi'vv limiti'd. J’his must 
he done duriny eaiJv OcUibei' bi'fore llov.eriny lie-zins 
iind the plants tcstc'd must be in a similai' .'^ta-e of 
<U'velop!uent. 

A study of the workiiiy co)iditi<tns discloses the fact that the im- 
priivement of tin* Java (‘lop b\ selection \.ill iiiit be eiisy. Methods 
ot selection such as ciiii he applied ro crops like wlieat in wliicli self- 
polliiuilioii is tlie rule and in wliicli criiss-pollination is jare are out of 
the (piestion, IMetliods wliicli can be adopted in cro]:s like tobacco 
\'hicli set seed Ireely under net.s art' eipially eliminated. Select imi 
wliieh depends on artificiallv seltiny protected plants is jmt out of couit 
hy the occurrence of self-sterility. One .S('t of methods onlv remains-- 
tho^e which depend on tlie eoiitro) of natural cro.ssiiiy. In many respects. 

D 
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iir(' tho li'ast Katisl'iK'torv of all tlio methods of selection as the 
|)i'oc('ss t(» 1 ) 1 ' cn'ective innst he eotitinuous. 

Tlirt'c iiu'thodrt of seleelion are ])ossil)le in .la\a imiiao. in Iwo of 
which considerahh' prom'css has alieadv been made at Ihisa. 

(1) S(‘le('tioti of mixed (anly types. As has already heoii indicated 
ill this repofl. the adcantaLii's of rapid maturity aia* lihc'ly to oiitweiiih 
all otlh'i' considi'rations, If. then'foie. the seed of a larj^e number of 
jiroiiiisiiiii earlv individuals is collected se])aralel\' and sown in lines, 
a cotiipai'ison can he made amoiiy tlu' oifsjirinit a.s re;.»‘ards earliness, 
viiioiir and rapiditv of yrowth. bianehiny power and f.toneral a;:ricultnral 
litness. d’he liest eait-filters can thus be jiieked onl and (he weak lines 
elimiiiaU'd. 'Flu' liiu's which I'eniain can then l>e j:oiie o\'er and all the 
W('ak' and lafi'-flnwa'riny plants retnoved. The seetl of tlie remainiii" 
])lants is now mixi'd and sown on the lart>e s(‘ale. Carebil elimination 
of nnsultalth' plants i.s carried out hefore ffowerini; he,uins and a second 
elijninatioua few we)‘ks aftoi waids will serve to remove all late flower- 
ing individuals, \\ hen sullicient seed has been obtained, the early 
mixtnrt' can la* L;i\'en onl to (‘states. The seed crop should be 
suhjected to similar careful seloetiou every year. This can easily lie 
dotu' on the estate.s and in the eonrse of two or three years the mixture 
will tt'nd to breed closer and clo.ser to tile desired tyjie. A ])romisini!; 
earlv mixtina' has ht'en obtained in this wav at I’usa which will soon be 
ready for a (rial on an esiate scale. 'Flnu’e is. linwever, no ren.son wliv 
{'Very planter could not hc'yin work himself on these lines and d('velop 
an early mixture suited to the eondil ion of Ins estate. About a Imndred 
or twn earlv nowerim: plants sliould be selected from the ordinary mixed 
crop and labelled. The seed of these should be mixed and sown 
th{‘ foilowimj; .Vuyust on a field scale and all late and unsuitable jilants 
destroved. It is more than proliahh' that such a mixture, besides .ii'ivi up: 
more indiyn will also pro^■e considerably more resistant to will tliau 
the ])i'esent Bihar crop. We sliould not be ,sur])rised to find that 
tlii.s mi'thod. roiipli and ready as it is. will yive better results than either 
of tlu' tAvo remaining methods which will now l)e described. 

(2) Selection of sinple earlv types. The onlv differenee between 
this uK'thod and that just deserihed is enneerned with the number 
of original jiai'cnt jdaiits. In tlie pi'csent case, the selection i.s 
started from one plant. Tlie choice is made after ob.servinp' the 
jn'oduee of aliont fifty ])romisiiip individuals yrown in lines side by 
side. The two best cart-fillers aiv selected, all late and weak ])Iants 
eiiminati'd and tlu‘ seed of each is sown se])ai‘ately on a larue si'ale. 
Kverv vear the jmocoss is repeated and most of tlie aberrant types 
removed la'foro floweriiip, Any late plants whi(’h have escap'od are 
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(lositroyLMi hitor on and in tliis wav tlio selection is ki'pt as near to typo 
as |i(tssiblo. As soon as enough seed has i)een iditiuned. tlie two best sinyle 
selections are tried on an estate scale. Two of such sek'ctioiis (tvpcs 
1! and lo) are now beiny tiled on tlie Dlioli estate, care Iteiny taken 
tu yrow the seed ol each iti lields about two miles apart. Althouyb tliesc 
ty[>esare rapid growers and show eojisiderable promise tlioy are not likely 
It.) ]n()ve such yood cart-fillers as the selection from the mixed eailv 
tvpes. A mixtiive is likely to make the best use of the available s|iaee 
l)orh above and below around, by the interlockiiiy of the bi’anelie.s and 
roots. 'Pile individuals of asinyle type yet into each other’s wav imicii 
more tliau those constitutiny a mixture. 

(.‘1) C'hemical selection. The success wliieli has attended cliemical 
.^election in the case of the suyar beet is one of the leasons why both 
planters and investiyators have hoped for similar resnlt.s in Java iiuliyo, 
The citcunistances of the two cases. h(j\ve\ or, are wideiv ditfeient. \\ Idle 
we eon.'iider that an attempt should be ma<le to improve Java 
itidiyo by chemical methods, nevertheless we feel that planteis .should 
he |)r(‘j)a!(nl it not for actual lailure at anv rate for .somewhat meayie 
ivsiilts. The ditlicultics which nltend the application of tins method 
to iiidiyo under Bihar conditions are considerable. In I he first jdat'e, 
rli<' plants likely to cojitain the hiyhest itidicat will pi‘obal)ly turn out 
tu be late, decji-rootiiiy sorts liable to wilt. TJie early, rajddlv-yrowiny 
t\ j)cs seem to be the mo.st desirable kinds (o yiow and clieniical selec- 
tion ouylit only to lie applied to tliese fo)in.s. at any rate at tiu* 
heyiiminy. In the second place, the chemically selected parents will 
have to be yiown under nets and allowed to cross ainony eacli other 
hy means of j’elays of polhmdVee bees introduced into tlie cuye.s. in 
tlie third place, the time uvaihdde tor aiudvsiny the }jareids is verv 
rmall as the process must be completed before Howeiiny beyins. I’nless 
the nuiye in content of tlie imlividiials winch remain after all 

unsuitable plants have been removed is considcralde. chemical selection 
h<Toines impossible. "We know that the individuals of a nii.xed croji 
vary widely in nidicdn content. We do not know the ranye amony 
the menil>ers of an early type left after the weak and unsuilable iiuUvi- 
diials have been I’enioved. ('liemical selection does not aiase until a 
wilt-resistant tyjm of .Ia\’a indiyo has been selected and te.sted on 
t!ie estates. ()]](<<■ this has berm obtained, an atVenipt can be made 
to improve it by chemical selection. 

It must not be foryoUeu that a yood deal of work was done by Iku'y- 
tlicil and Barnell at Sirsiah on the imjiroveinent of the Java crop by 
chemical .soloetion, Thi.s is described in the last Siisiah Keport. A set 
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of M'ciU ol tlu' scli‘clt‘(l wliieli ha<l boon isolated on account of 

tlu'ir lii'^li nuhnui contnit. was handob over to us when tlic Imli'fo 
lifscai'f li ^ tatioii wa> closi'd. d'liasc' scads ware souii at Piisa where 
tm-y proved to be shiw-;:iowiii;:. de('p-];of)ted t\'j)es. They were des- 
1 loved bv wiir and did not set any seiai. Sidt* by side, the early, rapidly- 
LM'ioviny .la\a ^eiections <_na“W \ iLtfn'ousK’. 

Jt is well to b(‘ar in iniiid wlieu (•f)nsideriny tlie iiuestioii of clieinical 
select ion lliat tlie ihliai method of raising seed from tlic Java indigo 
grown toi- leal amounted, to all iiitent>and [>urposes. (o the selection of 
plants high iti iii<litruf. I>v this proca'ss. the latedloweiiiig. deep-rooting 
typ(*s W(‘i'<‘ ])i(*sei \ (‘d ami tlu^ (airly forms suppressed. The result of 
this luieonsciou^ (di(‘ini(al siJeelion was to liriiig the natural indigo 
iiidiisfry to the visrgi* of ruin. 

2. Sumatrana indigo. 

1 lie im[;i'o\ ement (d ."^umatrana indieo bv seleelion is likely to prove 
(Yen iiiore dillicult than that of iIh' Java crop. Smnatratia does not 
\'iel(l so imich s(‘('d as Ja\'a when :arowii under Bihar conditions. 

I he general nunhods of ];ollinalion and fert ilizalion in Sumatiana 
closelv veseniiile those aii(‘ad\ (hs-^cnlKal in tin* case of Java indigo, 
file d(‘tai!.s t\ith rceard to tlu' stiucturi' ol tin* flower, the method of 
jxJlinatioii and the inlre(]n('iie\' ol setting niuh'r luds are verv siinilur 
ill botll speides, 

"I lie ni(‘tliods ol .>;<‘!(‘eri(in possible in Sumatiana arc very nmeh tliose 
above deserilied in (hdail in the ea.s(‘ of tin' Java plaid. There is. how- 
ever. less ran^e in lorni in tJie ease of thetawnpore plant — the type 
which appi'ai.sto la* the most favouialjle si'leetion ground. The indigos 
from Noitli-\\(>sr India are generally agrei'd to lie hardiv worth 
growing in Bihar, Tlu* .Madras type is more ju'oinising both from 
its bi'aiiehs'd habit and lii;.ilier {lidicdit eoiitmd but it does not grow 
well uudiM' Biliar ( mnditions. As it matmes later than the (‘awnpoie 
])taiit . its root-svst(‘m is dei'per and in this may ] lobably l;e found the 
reason lor its uiiMiitaliility lor general eidtixatiuii in Bihai'. 

In BM I. a small (.piantity u( Madras Sumatrana was obtained from 
fill' ( uddajiali Distiict. Jliis ly],e was tiled at tin* suggestion of 
Fredessor A. t-. Perkin, F, F.S, . who lound in Bngland tlial it contained 
more itfdicfiH Mian Bihai- Suinatrana. it was sown in Augtist for 
seed by tlie side ol the ordinary (’awiipore Suinatrana. Altlumgh later 
ill llow('ring. tlie .Madras typ'c grew and branehed e.veeediugly well ami 
appeai'eii to l;e very piundsine. Knougli seed was then olitaiiied from 
-Madras ior a lull vat test on tlie Dhuli estate the follow ing viair. Tlie 
result was not jiroinisiiig. J he yiidd of indigo to evei v ](J) mauiids of 
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piuilt was v(‘7'v satisfactory and better than tlie ('a\vn|)()re ])lant. Tlie 
jirodiice per acre, however, was disappointing and the ciatp (ii<l not .arow 
well under monsoon conditions. The Madras ty[)(‘ lannu dee])-roote<.l 
pi(il)al)ly reqnii'cs better soil-aeration tlnni is jiossible under Bihar eondi- 
limis. The result, liovrever. is of interest. It s\ipports tlie view that 
lateness. dee])-r<Hjtiny and liiyh indicfut content yo toLietlier and that 
thi.s cmnbinatioTi is of no value in tlie Bihar alhiviuim 

Should it be found possible by selection to iinproAT the (’awnjioro 
jilant. th(' difficulty of tlie .seed-supply will still remain to be overcome. 
Sunialrana seed is not yrown in Bihar and as far as can be seen at jue- 
seiil it is likelv that it wiil lie cheaiier to inqiort seed from the Cawnjmre 
iTuion than to yrow it locallv. What will be the fate of an iin})roved 
Sunialrana when yrown by cultivators who cannot he sipiervised 
The chances are that il would speedily lieeoine mixed ^\itli country .seed 
and llierefore lost to the Biliai' industr\'. I util some efficient means of 
cmitrulliny the [iroduction of Sumatrana seed has been devi.sed it 
.seems hardlv worth whih' to exjieiid the labour needed for selection 
work m tins crop. 

One line of in^'estiyation lLowi>\ei' must be kcjit in vimv namedy, 
ihe jio.'^sibilitv of ei'ossinu a liiyli yieldiny Java tvjie v.illi a nnod st’'‘nji 
of ('awnpore Sumatrana. The objeet would be to evolve a jiew type 
of Java with a shallower root-system and more ia|ud yrowtli for Bihar 
eoiulitions. Such an improvement de))ends on whetlier Java and 
Suniatiana can be crossed. Attempts have been made in this direc- 
tion by two of the assistants at Busa but without success. As soon a.s 
opportunity jiermits. we [iropose to examine this matter ourselves. 


VII. INDIRECT METHODS OF IMPROVING INDIGO. 

Apart from the well known value of m'fli in Bihar a.indcultuie and 
ilie fact that we are dealing with a leiiuminous plant, there is one a.s])ect 
of iiidi,L;n cultivation to which in.sulHcient attention has been jiaid. This 
is liie ])lace of indiyo. paiticularly of Java indiiio. in the rotation. The 
deep root-system of this crop acts like roAnr and is a most efficient .sub- 
soil plough for the Ibhai: alluvium. It nut only tends to conserve tlie 
supply of oi’tianic matter but al.so opens u]) the sub-soil and lielps to 
ke(‘p the land in comlilion. If llu' eullivatinn of Java indiyo were 
civiMi up on the estates, plaiilers would have to place theii’ hi^ll lands 
p(‘ii()(licaliy niider rahur. tfi<‘ vahu' of tin' seed of viliicli is small. The 
advantage to rice of a pri'vioiis crop of Smnalraiia is reco;mii/ed ami 
several |ilanters have observed the improvenumt in the rice which 
result.s from this rotation. 
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111 tlid sccoinl itulin'O rc'port, KiVvetici' was inadi; to two iiidiroct 
iiK^tliods of iniprovinn tlie imliLio iiulustw, iiaiiiely, the provision of 
a more valuable eovin; eroj) for Java iiidiLio and the ludter utilization of 
m'di. Further work has been done in butli tlu'se directions. 

Coirr cr<)j>f<. On certain soils in Bihar, it a])))ears desirable to check 
the develojiinent of the Java crop during tlie cold weather and to be^iu 
the hot season witli a somewhat late ])lant. This is accouijtlished bv 
yrowinua cover crop such as wheat which not only checks tlie indigo and 
provid(‘s revenue but also keeps down weeds. Possibly o]i very btroiig 
soils which liold water well and in localities where the conditions aie 
such (hat little burning takes jdace in the hot weather, it may be an 
advantagi' to grow a pure indigo crop and to force on growth for early 
inaiiiilacturc so as to secure a second and possible a third croji while 
hnih(t( is .still possible, AVhetiiei' or not a cover crop is desinible in 
the case of Java indigo is likely to be settled liv local eNperience. 
The danger ol a covau'-crop is iindoubtedlv to be fimiid in the possible 
inlerlerence with suHicient light for the voung indigo. It the cover- 
crop is too rank, too much light will be cut off and the indigo will sull'er. 
This is likely to hap]>en with anv kiiul of ^\heat (unless sown thiiilv) 
on strong soils. 

In cases when' a cover ciop is fouial desirable theje can be no ques- 
tion that a ra[)idl\’ maturing wheat with little foliage like Pusa 1 is 
suitable lor tlH‘ jiurpose. For some years on the Dlioli estate, good 
crops of this wheal have bis'ii gr<»wn with Java indigo amrpiovided the 
stubbles are thorougiily harrowed aftcjwai’ds. the siicci'cding indigo 
crops develop well in an average year. The hajrowing. liowever, is 
essential and it is best to get this done immediately the wheat is cut 
and the surface soil is still soft and moist. 

The value to the planter of a rahi cover crop like wlieat depends partly 
on the (Nvistenco of a ready market. Fortunately Piisa 1 is an eaiJy 
kind with gooj giain (pni lilies and therefore likelv to find favour in 
the Palcutta mills. To test this, a full scale milling test was arranged 
last April at thellooglily Flour .Mills which are managed by Messrs. 
Shaw, AVallace & (o. The parcel of maunds milled was grown partly 
on the lienipore estate and jiartly at Dholi. The Manager of the 
llooiilily Alills (Mr. IP (J, Javloi’) has kindly si'nt tlu' following repoj't 
for jnibliciition (Better ihitinl Painkristojiore. June 2ltii. PtBi) ; 

Both lots of wheat received were quite w]) to the standard of the 
sample sent from Pusa. elean and of uniform grade, and contaimal not 
inure than one and a half per cent, n'fraction. J iuul a test taken of 
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tlie nature] moisture ronlont roid this U'orkod out at 11 per eeut. this 
hi'jh [ierccnta*^e hcin.u' due to the ii'.oie liuuiid atnmspherie conditions 
tlH‘11 prevailinjj-. 

1 lind Piisa 1 capable of absorbin;^ water in larger ijuantity tlian 
is llie case with the ordinurv vnrieticH we liave to deal with and this 
:jp|ireehiblv enhances its value, During the milling piwi'ss. the 
si'molina and middlings separated very freely from the bran, ami the 
yield of the former was much higher than is ordinarily ])ossil>le. the 
ipialitv was also eorrospondingly high. 

Ill I he actual reduction of middlings to flour there was an entire 
absence of vhat wo descrilie a.s " wooliness ” or ’* softness “ witli the 
result that the dress out of the centrifugals was very free, the flour 
(piife lively to the touch, and the separations all that could be de.sired. 

I jiresumed from the appearance of the wheat that the liran jiereont- 
ane would he low and this turned out to be tlie case for it was per 
edit, lielow our normal. With the e.xperienre gained, and a larger 
(juantitv of this wheat to handle. J believe a still lower bran percentage 
wuuhl be po.ssible. 

On testing the flour by the Pekar test it turned out of a greyish white 
(the native of India jirefers liLs fiour to have a slightly yellow tint) ; 
the colour inav improve hy an additional moi.sture eontent. Under 
(1 k' doughing test, the dour showed great tenacity thus indicating the 
])resonce of gluten of high rpiality and (plant it v ; the following iigiires 
show the percentages of gluten content, wet and dry. as comj)ared with 
our ordiiiaiu' (jualitv of flour. 

Wot. 

Tnsa ... .... 4- a I S T') 

(iiaiiiiirv n-i 

The drying was carried out in a Ilearson electric oven at a tenijiera- 
ture of In0'('. for five hours. 

Tlie last and inost conclusive test of all ha.s been the Itaking test : 
it is in consepueuce of an unsatisfael ory liakiiig test carried out a fort- 
night ago that the juesentation of this report has been delayed, and this 
residt wa.s due (n the inconipetenee of the baker I had then engaged, 
ifowever, 1 have now a good man. and he ha.s just tinned out a Imleli 
of the finest bread 1 have ever seen in India : the loaves are e(|ual in 
appearance to the Manitoba and Pusa 1. illustrated in your " Milling 
and baking (pialities of Indian wheats" and is in decided contrast to 
the corresponding loaves made from our ordinary superline, altliougli 
that is also of very high (|uality, Tlie texture of the bj-cad i.s very uui- 
forni and it possesses a distinefly agreeable flavour : mv baker sjieaks 
highl}' of it and states that it is the best flout he has ever handled. 
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I ]mv(‘ now concluded niy report and trust that 1 have made 
myscH suflicieiitly clear ii 11(1 intelligible. If there arc any other points 
yon would like iiiforiiiation upon please do not hesitate to write and I 
shall he most willing to assist you to the host of niv ahilitv.*' 

It will he S(wn that the msiilts of tlie trial are very satisfactorv and 
that the Calcutta Mills are likely (o lui\' up anv (juantitv of this wheat 
produced in North Hiliar. There is bound to be a considerable demand 
for Pusa I for seed purposes for certain tracts in Central India ami in 
th(‘ United Provinces where this wheat is beiny takori uj) b\ tlie 
enltivators. Tlu^ [ilanters yrowiny Piisn 1 in bulk will tlierefore have 
no didleulty in ilisposiny of this wluart at remunerative pi'icos. 

The efjicienc}/ o/ seed. As is well known, mih is an excellent manure 
tor tohaecn. its ^'aluo. howcA’er. depends on its ]iow(M’ of ncratiny the 
soil as w<‘ll as on its chemical eonijiosition. Evidence has been obtained 
at Pusa that small jiieees of tile {(hihrn) when added to tobacco lauds 
also act as an etlleient aeratiny ayent. Duriny the jiast. vear it was 
toinul that snnat used as a yreenonaiiure on a fhikra plot eave twentv- 
four niauuds of cured eiyarette tobacco to the acre which fetcJied 

lifleen ru|ie(\s a maund. It is clear that if the exjjerimouts in 

proyress j>rove that it will ])ay to diess ])orti()iis of the factorv :er<ifs 
with fhihia. such lands will need much less seefh than is now 

ciistonuiry to apply. The experiments on tliis .subject have now 

reached an estate scale and the results will b(‘ puhli.shed as tiny 
aecuniulate. 


(^rETi'.v. 
iSfh. Iff 10. 
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llepiirl <in the l.h-ugivss of Agri<mltui'e in [iidui for the year 1913-14. Price, As. 8 ur Qd. 
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Proceed i 11 g.s of the Board of Agriculture in India held at Push on tlie 20th Xovember 1911 a 
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methnibs of cultivation, irrigatinn. climatic conditions, insect pests, fungus diseases, 
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of the staff of tlie Pu.sa Agricultural Resoarrli Institute, .inmud suti-^criptidn, R.s. 6 
8-'', M., including postage. .Single copy, Ks. 2 nr 3 shillings. 
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L. C. Howaud, m.a. Price, lb 1. 

The Varieties of Soy Beams found in Bengal, Bihar and Ori.ssa and tlieir 
commercial ])ossibilities. by li. J. Wuunnorsi-;, m.a., f.l.s. : and C. S. 
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I'll. 10 , jr'.i.c. Price, Jls. 2. {<>ut jniiit.) 

The Svsteni \\hiter, t’ah lum Lhirbonate, Carbonic Acid, by J. W.AL'u n 
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iM.u, ib'icc. R. 1. 
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1'ho Systems — (A) AA'iiter. Magnesium Carbonate and Carbonic Acid, iT) 
AAhitei'. Calcium Caibonate. .Alngnesium Carbonate and Carbonic Acid, by 
.1. W ALiT.u T.K.^'rt1^:^!, I'b.o,, im.c, : and d vrisniM Natti Sex, m.a. Piho, 
R. 1 01' To 6d. 

Studies of an .Acid Soil in .Assam, bv A. A. IMeccitt. Price, R. 1-3 

nr 2.-'. erL 

Tlie Cases of Swamp Rice Soils. Pari II, Tlieir rtilization for the Aerii- 
tioii of tlic Roots of the Ci’ 0 |>, by AAh H. HAi:rj.=ox, At. Pc. ; and P, .A. 
Smu^MAxiA Aiyfh. n.A, Price, R', 1 or 1.?. 6i:7. 

Soil Temperatures, by J. AV alter Leathe.ii, v.d., f.t.c. Price, Rs. 2 or 3?. 

Soil (.:iase.«, by J. AValte.r LE.vriiEi{. A’.n., f r.C- Price, R. 1-8 or 2-?. 6d. 
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CHEMICAL SERIES—f^oiif/jpf 

Tlif. Gaso.s u£ Swamp Rice SoiH, PiiLt HI. A II viiti'Mcn 

Hill toi'iuin I’l'oiii lliotjo SoiU by \\’. H. H.\s:i!i>os. ; iukI P. A. 
Si'iiK.V.M.^Nlv.v ,1,’i lcc. As. 12 '.))• \<. 

Some FiUlMi'.s allcrliiio tli.,' CuokiiiM- i>l Din.il p rry.noO' ^bu/irtop, by 15. 
Vi,'.w.\N.uiL T, Row, I!. uml 1\ -V IHoju s vin,-w vmi 

Ayv,\.N(;Mi, Ib ido II. J or l.-‘. (W. 

The Insi'cU attacking stored whrul in tb>; L’uiibib and the melliuiis nf 
(•<iiid.»atiii;j,' thi-lil lilicbldill;;’ ;i dia|iior uii the Ciieinislfy m 1 | [,'>iiinU ii >lij. 
liy .1, Jl. "H.MiNi:.', li.sc., J ; and A. J. tiinAs;, .m.sm, i/a i!,,- /om.'.o, 

Studies ill the t.,'lu‘iiiisti'y and J.’hysinlMMy ot, the l.eavi's ol the l>k'U'l-\ me 
i/d'prr /J<lh) and ot' tile Voiiiinereiat lllL'aMbiiie' ot 15cteb\ine leaves. 
|■■art II. Iiy II. 11. .Mann, u.se.j and V. tb 1 ‘.\tu \i: ini \ n:, r,..yg. Prii.e, 

I!. 1 til- l-s. 6d. 

Till! (btses of S\vaiu].i Iliee Soils, Part 1\'. 'Die Sonire i,,i' tile (5a.-eons Soil 
Nitrogen,, by V. il. H utni.su u.se., tmd P. A. SmuntMiNU Aiykii, i;..\ 
{In the [iri’i-f.] 

ENTOMOLOGICAL SERIES 

Tilt! Punibay Loeust' -A llepuiL uii tlie Invest igalii-n of 1UD3 04, by H. .\I, 
l.ttitoY, T.i.-., i.z..s. Price,, Ks. 2-8. 

Tile move imporltim iirseets in.iin-ioti,s Lu indlan Aei-lenltnre, liy H. 31. 

I.El-Ttov. T.i:.s.. r.z.s. i’rieC; l!s. 5. [Out o/ ;/rb(/.) 

Tin- Indian Surta<e CalerjiiH.'ii-.s of tbe bd-niis bi 11, 31. Lrntov, 

Vt-.\., L./..". ; iind C. t', Uhu.SII, n..\. .Price, lb l-ti. [<hil uf 

iiKlnidual and Seasonal \ari;ilioiis in t f • ll t/if \\ atei'li' ni.-^e, ^\Tlll 

ile.serlpt ion of a iiew speeie.s of bv 11 ulol.u H. 31 .\nn. |).>c. 

Prue, 11. L-8. 

'Hie f attaekinj; the '.I'ea IMant in India and t’eyloi], by Jv. K. t.dti inv. 

i'.h.s., T./,.:'. ; and il.vnoLD 11. 3L\nn, n.se, Pi'iee, 11. 1. \< hi! "I [iiiiij.) 

'Hr; .\lu,-<tai‘d Saufly, by H, 31. ij-.i itui, IM-..*.. i./..s. ; and C. C. 

(uio'ii. in.v. Price. 11. 1. {Onl >A pnnl.} 
d'lie litre iSii-, liy }{' 31, Juinui,. _m.N., i.r..s,, id ice, 11. 1.^ 

Jle’iiark.s on Indian Scab.! Insects Part ill. bv K. K. (utKEN. 

IM.S., I.Z.S. I'ruo, li I d. 

The lied Cotton ]>iig. [ly II. M. J.LIT’.OV, F.C.s., Pi ice, il. 1. 

[l/nt <il 1/1 ml. I 

Tbe Castor .Semi- 1 .OMj„.i'. by II. 31. LL) ItuV, IM;..-., Pri'.c, ll.<. 11. 

[Out vl jiniU.) 

r!i(‘ J'obaecr, Calei pillar. b\- IT .\1. JjTJtoi.. i.r.s.. Ib-iei', 

JI. i-8. [Out of i)r<nt.\ 

Tile Cotton Letii-ilolk'i', by II. 31. TnTlluY. r.E..-^.. r.z.s. Ibiee, li. id. 

of piint.'i 

Note.s uu liiditm Seale Inseet.s iCof'cn/o.), by H. 31.\.\\M:i.t. I.i.nnuv, 
t.r.s., r.z.s. Priee, 11. i-d. {tj»( oj j»m(.\ 
l.ile Histories of Indian Insects i. \l /'a.. b\ JI. M \\ \\ I.I.r.-J ,Ei- In.iV, 

.\l.\., n.L.s., f./.s. .Price. ll.<. 2. 

J.i te- 11 istorics of Indian Insects li. Some .Atjiialic Ilh ji/' li"l'i and (."hn’ii- 
liy l.t. No\t Ito.iLE. 11 . .t. ib'iee. 11. l.-b. 

Idfe-H istol'ies of Indian Insects — III. 'I'he illdlloeeros beetle 
/7n/(oca and tin- iled ur Palm W eevil [ AViyar’/o'/i/oo//,'- ]< n tojimu-o, 
bv C. Cuo^ii. Tl.A, Priee. 11s. 2. 

Tbd Food of birds in Imba, iiy C. W. AIaSux, m. l-.A.r., edited by H. 

Makwii 1 -l,iii;o\. .\I..S. I'.K.S.. r.z.s. PiT-e, Jls. Til. 

Tri Silk, by H, Al.wwn i. Tia nuY, .ti.A., J'.e.s., i ,/..s. , and C. C. Cii j.sn, 
i;.A. Pi ice, lbs. 5. 

Tefriyime ^ in ibe .\ l;i icnltiiiaii llescaj cli lusiitule, Ptisa, biliar, 

Avitli deseri|itioii of new .sjieries. liy J, J.,. IIa.scui'K. r.L.s. I’rice, II. 1, 
rile bic bi-owii Ci’ickel [lliioh/iti'liii.-/ tiri/nf/nU', StoIl|. Iiv C. C, tdllosn. 
n. Price, ib 1. 

! .i te- i 1 islories of Indian litseds 13'. \JJ ///m n//iili /u). by CoviNii HaM 
i)t IT, i!.A. Price. IS. 2. 

iiR|ii!iy into tbe 1 iiscet ieidal iuTlon of some Alineial and other Coiiipoumls 
on Catevpllluis. bv H. 31, Teitioy. m a.. f.e.s.. r,z..s. ; and lb S. ItnluW', 
_ iLSe. Pnee. Iblb. 

'I lie ■' Iksvlki " TTsease of hidii;o. bv .\. J. GltoVI . m.'C, : and C. C. Cirosn. 
r.-A. P'lice, Jb l-b or 2-0 Cab ■ 

Idfe Histories of linlitm I tisecls -A'. !.> j>'nl"j,t' to ; Bnttei-lhesj, by C. t.‘. 
Clnosii, r.. t. Price. I{s. 2-b or lid. 



BACTERIOLOGICAL SERIES 

V<»L 1, N<a 1. StuditH iji Bacteiiologicnl .Viialysis of Indian Soils Mo. 1, 1910-11^ by 

G. M. Hutchinson, i;. v. Piico, Rs. 2-B. 

Vol. 1, Xo. IL Uang|)iir 'riiljaciNi Wilt, liy G. -M. llurciiiNSON, u.a. Price, Us, 2, 

V'<d. I, No. 111. A Xtnv N ltrit(*- fui'riilnn Oiiranisin, Ity X. V. JosHi, B.A., B.sc., 

Price, li, 1 or io 6(/. 

\\>\. I, No. IV. A/ntuhucter and Nitniooii Ki.Nation in Indian Soils, by J. H. Walton. 

i;. IT sc. Price, It, i in- 1>. bd. 

\'ul. 1, No. V. IJartciiul Rot of Stored PotaiD 'luliers, Ity C. IM. Hctciiinsov, b.a., and 

N. V. Josnr, b.a., l. vo. Price, R. 1 or l-'U 
Vul. 1, No. VI. Liuhh’tr — the indian Pi[-e Itecr I crnieiit . Iiy G. M, lIcxcillNSoN and C. S. 

Ram Ayvaii, r.a. Price, li. 1 or bd. 


VETERINARY SERIES 

AnapliyJa.Ni.s in tlic largei .\iiinials. l>y .Major J. J), K. Holmes, m.a., ii.sc. 
Price, Jis. 2. 

Saltarsaii in ihe 'I'lciitnieiit of Surra in Horses, Does and Rabbits, by 
•Major d. J). K, Hoi.mks. .m.a.. n.sc. Ihi.e, U. 1-4. 

Soiim more Snceesst id lA [terimeols on llii' 'rreatniciif (if Surra in the Camel 
with llcL'oiriiNCiidiUiotis fur Systematic; Treatment, by A. S. LeeSE, 
M.ii.r'.v.s. Price, li', 1, 

On tile liniumie bodies ocenrriiic in AiU i Rliuieipest Sernin and on tlie 
\'ariatioiLs oeoiirrino in tin- Serum Proteins ol Atdinals during .Rinderpest 
and during 1 imiiuin/ation and H \per-J mimiiii/ation. bv P, Hautlev, d.Sc. 
Price, Rs.' 2. 

Some cHse.s of Siiii'u treated in the Gield and in the lailKinitory during tlic 
autumn of 1911, by Major.]. I ). K. Holaies. .m.a,, d.sc. Priee, R. 1. 

Riiidei'iiest : -Puitlier ii l\ cst igat ions on .jnestioiis connected with Hie 
Kcoinauieal Ihddmliou of Anli-seinin. ny .Major J. 1). E. Holmes, 
M.A , n.s< , Priee, li. 1. 

riie Giualive ’rre.itimml of Il.enion ha^ie Si'pt ieieinia in Cattle by the 
adminisl ration of l.aliut* and oilier notes on Clieniktthera[iv in Kimler* 
pe.st and I liemovrliagie Sejitu-aniua, bv .Major J. D. K. Hi.iI.aiks. c.i.e., 
AX. A, n. sc. Price, l:.' 1 or 1 .-. Oc/. 

The Vitality of the ITiemorrluigdc Soptieainia Organism outside tlic body 
by Major J, 1 ), E. Hol.mes, eu i.e., ala., d.sc. Ihiee, R. 1 or U. 6 d. 

Bmsati. bv Major J. I). E. Holmes, c.i.e.. m.a.. ri.se. Price. R. 18 or 

E.\]U'ritneiils on the treatment of Siirni in Camels, by H. E. CiiOsS, 
D.v.ii., .t.se. Price. Ji. 1 or 1>'. 6r/. 

AnUira.t. Some Experiments on tlie Iiimiiiui/ing el'ferd of ili(.; Siimil- 
laneuus Injection of an Aiitlirax Attenuated Virus and an .\iitlira.K Anti- 
serinn. bv .Major J. I). E. Hijlmes. c.j.E., .M.A-, D.se. Price, R. 1 or 
1^. 6d. 


BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH 
INSTITUTE, PUSA. 

No. 1. Note.s oil Cotton in Bihar in 1904, by H. M. Lkitioy, m.a.. i.e.s., f.z.s. Price, Am 4 
or 6(?. 

X'o. 2. Au (.fntbreak of Cotton Pests in the Punjaii, 1905, tiy If. M. Leehuv, ala., t.e.s., 
F./.s. Price, As. 6 or 7d. 

No. 3. The Extension of Jute Cultivation in Indtii. liy R. S. Ei.nlow, ilsc. Price, As. 12 or 
B-. 2(1. {Oiif 0/ print] 

Xo. 4. First Report on thi' hhant Exj-erinieiit.s ut I’ltsa. by A, Howakij, .m.a., A.jt.c.s., l.l.^. 
Price, As. 6 or 6r/. 

Xo. 5. Report on Trials nf the South African Locust Emigiis in India, by E. J. Bctleu, 
M IL, F.L.S. ; and H. i\r, l.F.FuriY. vi. A.. i-,E..s. Pi'ice. As. 2 or 3(/. 

Xo. 6. Ticks Infesting Douiest leafed .Xninials in India, by (.’. WAimuniox. m.a. Priee, 
A.S, 4 or 6{?. (Out ijf pnitf.) 

No. 7. A Preliminai'y Accouiii of the Biting Kilos of India, by If. Af. ijKi-iioi', m.a., f.e.s., 
F.z.s. Price, R, 1 or l-m 6J. (<hi/ nf pritif.) 

No. 8. Oiheial ami Recommended AIcUkhI.s fo? use in Clieniieal Ijaboratories (.if tin' Depart- 
menfs of Agriculture in India, by J. Waltli: Llahj-.I!, iIi.d., f.lc. Priee, As. 4 
or i>d. 
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